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ABSTRACT

The problem of environmental pollution caused by municipal waste landfills is discussed on the
basis of literature data. The research identified chemical agents released to the environment,
the source of which being leachate from municipal waste landfills and the incineration of land-
fills. In accordance with the hazards identified, possible health risks linked to the exposure
to such hazards were described. Waste generation is an inevitable process, and the amount
of waste continues to increase. Waste is the source of many harmful factors: physical, chemical
and biological ones, whose impact on human health may be observed at every stage of waste
management, i.e. from its creation and collection until its final disposal. Harmful agents emitted
into the environment throughout a waste management process are a hazard to surface waters
and groundwaters alike, and to the atmospheric air. It is important to highlight the sanitary-
-epidemiological problem of waste collection; being a medium for various organisms, waste
fosters the growth and development of rodent and insect populations, as well as encouraging the
predation by wild animals and microorganisms. Thus, waste poses a threat to human health.
Awareness of the issue as well as the supervision of the process and direct site of every stage
of municipal waste collection are incredibly important. It appears that modern findings of envi-
ronmental healthcare and environmental education should stimulate people to change their
approach towards the broad area of environmental actions, as well as the prevention and diag-
nosis of diseases of environmental etiology.
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INTRODUCTION

Although the development of technology creates a vast array of ways
to process municipal waste, its collection is still a common method of its dis-
posal. Municipal solid waste landfills (MSW) are the cheapest and therefore
the basic method of disposal, adopted in many countries around the world,
including those regarded as highly developed (MUKHERJEE et al. 2015,
Jovanov et al. 2017).

Municipal waste management is a significant issue for global environ-
mental policy. It is so because incorrect waste management may lead
to the pollution of the environment, and as a result may have a negative
impact of human health (MUKHERJEE et al. 2015, SAMADDER et al. 2017).

Regardless of the promotion of reusing products and rational shopping
habits, people are unable to cease waste production entirely (KALINOVSKAYA
2016). Therefore, taking into consideration the reduction of the negative im-
pact that it has on the environment and human health, MSW landfills have
become the object of concern for societies around the world (KLauck et al.
2013).

Substances found in waste and generated as a result of its collection can
have long-lasting consequences of the environmental and health kind, whilst
the degree of their impact may be difficult to determine, as it can occur at
various stages of waste management. Harmful agents found in waste might
spread through various elements of the environment, ultimately causing the
contamination of the environment or the human body (NAVEEN et al. 2017,
CHMIELEWSKI et al. 2020).

Despite technological advancements being developed and improvement
in legislation and means of organizing waste management, social acceptance
remains low for localizing new sites of its collection and disposal. Generally,
society 1s concerned about the problems connected with waste management
(MisHRA et al. 2018).

MUNICIPAL SOLID WASTE

Municipal solid waste i1s defined as waste produced in households,
excluding vehicles removed from operation, and hazardous waste from other
sources which due to their nature or composition are similar to waste pro-
duced by households (Law 2012).

MSW shows a variety of physical and chemical properties and typically
has multiple negative traits to it, for example qualitative and quantitative
temporal volatility; instability related to the tendency to rot exhibited
by organic waste fractions; the presence of hazardous waste (BHALLA et al. 2013).

According to data for 2017, in the European Union (EU) countries 75%
of the generated municipal waste was processed, of which 30% of the waste
was recycled, 17% was processed to compost, 28% was burned and 24% was
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stored in landfills. In the same year, there was 487 kg of municipal waste
per EU citizen. It is 175 kg above the Polish average (ZALEWSKA 2019).

There are various factors that influence the levels at which recycling
is carried out, the key ones being the state of the economy and development
of a given country. According to studies, in the majority of developing coun-
tries with low or moderate income, 65 to 80% of municipal waste ends up on
MSW landfills (AcamuTHU 2013).

According to statistical data (GUS 2020), 12 753 thousand tonnes of muni-
cipal waste were produced in Poland in 2019, which shows a 2.1% growth
relative to 2018. This means an increase in the amount of municipal
waste per Polish citizen from 325 kg in 2018 to 332 kg in 2019. Amongst the
municipal waste gathered and received in 2019, 7.1 million tonnes were allo-
cated for recovery (56% of the generated municipal waste), within which
3.2 million tonnes were allocated for recycling (25%), 2.7 million tonnes
for thermal treatment with recovery of energy (22%), 1.2 million tonnes for
biological treatment processes: compost or fermentation (9%). 5.7 million
tonnes of municipal waste were allocated for disposal, of which 5.5 million
tonnes (43% of generated municipal waste) were allocated for landfill stor-
age, and the remaining 0.2 million tonnes (approximately 1% of generated
waste) were disposed through thermal treatment without the recovery
of energy. Mixed municipal waste is the primary component of generated
waste, with its amount totalling to 8.8 million tonnes in 2019, i.e. almost
69% of all generated municipal waste. Mixed waste is the main stream
of waste in need of disposal on landfills. The share of waste managed
through landfill disposal is still large. In 2019, it amounted to 43.0% (in 2018
— 41.6%). The number of functioning MSW landfills in Poland by the end
of 2019 totalled 278 landfills accepting municipal waste for storage (286 by
the end of 2018), taking up a total area of 1 670 ha.

IDENTIFICATION OF ORGANIC AND MINERAL COMPOUNDS
IN MUNICIPAL SOLID WASTE LANDFILLS

MSW landfills are a kind of bioreactor in which physical, chemical and
biological processes take place, with collected waste decomposing as a result.
The organic masses stored within them are broken down as a result of the
activity of aerobic and anaerobic microorganisms. The changes taking place
at landfills may become a source of the emission of leachate, landfill gas and
odors (BanT et al. 2011).

The deposition of waste may be a hazard to the environment because
of the generation of landfill leachate (ARoMOLARAN 2019). The current Euro-
pean Union (EU) regulations define leachate as any liquid percolating
through the deposited waste and emitted from or contained within a landfill
(D1RECTIVE 1999).

The composition of landfill leachate includes dissolved substances eluted
from waste by rainwater, as well as organic and mineral compounds which
are the byproducts of fermentation processes. Landfill MSW leachate analy-
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sis show changes in the physicochemical composition. Characteristic changes
are the result of different ways of managing a landfill, period of waste stor-
age, type of waste stores, degree of precipitation density and the stage
of degradation (Banu et al. 2013, MoLINARI et al. 2014, OGUNSEU et al. 2015,
KAMARUDDIN et al. 2017).

Monitoring the state of leachate pollution originating from municipal waste
landfills is obligatory in the EU member states and around the world alike.

According to the binding Regulation of the Polish Minister of Environ-
ment (REGuLATION 2013), it is obligatory to monitor the following indicative
parameters on waste landfills: acidity (pH); electrolytic conductivity; total
organic carbon (TOC); content of particular heavy metals, including Cu, Zn,
Pb, Cd, Cr, Cr*® and Hg; polycyclic aromatic hydrocarbons (PAH).

The general composition of leachates from MSW landfills in Poland was
determined on the basis of available results of analyses dealing with indica-
tive parameters (LEszczyNskI 2011, WDOWCZYK, SZYMANSKA-PULIKOWSKA 2018).

Research was carried out with the aim of identifying the products of de-
composition of organic pollutants present in raw leachate and throughout the
anode electro-oxidation in an MSW landfill located within a 1 km distance of
the infrastructure of Baniocha and L.ubna villages, which are situated in the
municipality Géra Kalwaria, in the Mazowieckie voivodship, approximately
40 km from Warsaw. As a result, 54 compounds were identified. Some of the
identified compounds are presented in Table 1 (DMocHOWSKI et al. 2015).

Table 1

Selected compounds identified in raw leachates and after time intervals of electrolysis
(DmocHowskKI et al. 2015)

Identified compound / Electrolysis time (min) Compound concentration (ug 1)

chemical formula 0 5 10 15 30 45 60
Dibutyl phthalate (C,;H,,0,) 348 276 272 219 220 215 197
Toluene (C H,) 275 182 113 96 84 51
Naphthalene (C, H,) 65 51 44 35 19 7.3
Ethylbenzene (C,H, ) 39 35 22 18 8.2
Benzene (C,;H,) 26 13 18 6.5
Tetradecane (C H,) 24 9.2 7.4 5.8
Benzoic acid (C,H,0,) 22 10 18 20 12
Butyric acid (CH,0,) 20 63 34 21 6
Hexanol (C;H,,0) 11 37 79 83 65
Trichloromethane (CHCI,) 0.2 5.8 17 22 40 11
Dodecan (C H,,) 48 32 26 9 6.2
Heptan (CH ) 5.2 14 23
Chloroacetone (C,H,ClO) 7.3 23 19 6.5
Chlorobenzene (C,H Cl) 9.5 17 12
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Studies show that due to the variety of stored waste, MSW landfills are
a source of heavy metal contamination of the environment through their
translocation to groundwaters, soil and plants. The concentration of heavy
metals in MSW leachate is dependent on the period of operating a landfill.
The season of the year has a small effect on changes in concentrations
of heavy metals in leachate (OLacunJu et al. 2018, AROMOLARAN 2019,
ONYEKWELU, AGHAMELU 2019).

Other than MSW leachates, another source of environmental pollution
and health risks is atmospheric contamination resulting from landfill fires.
According to official statistics (Enviroment 2020), 177 fires of MSW landfills
were recorded throughout entire Poland in 2019 (averaging to 15 fires
a month), which shows a 27% decrease relative to the year prior (243 fires).

Studies (NorTH, HALDEN 2013, Posnack 2014, WitT et al. 2017, ZUBERO
et al. 2017) show that substances threatening human health spread to the
environment as a result of MSW landfill fires. They are a source of signifi-
cant emissions of atmospheric pollution, including CO, NOx, particles
of primary organic aerosols (POA) and volatile organic compounds (VOC),
PCDD/PCDF. If there is a fire on a landfill storing plastics, air pollution may
occur due to the presence of compounds harmful to human health, e.g. PCB
or DEHP. Taking into account the fact that the burning of waste usually
takes place at high temperatures, it involves the emission of significant
amounts of smoke into the atmosphere, containing a large number of fine
particles (PM), including toxic radicals, silicon and aluminium. Regarding
heavy metals, after a fire they take up the form of solid residuals, while the
open burning of PVC causes the emission of PAH, HCI, COCI, and Cl.

The total emission of identified heavy metals in Poland for 2016 related
to the management of waste (expressed in mg) was as following: As 0.02,
Cr 0.14, Zn 10.07, Cd 1.44, Cu 1.44, N1 0.05, Pb 16.78, Hg 0.53 (CHMIELEWSKI
et al. 2020q).

The emission of pollutants from landfill fires is illustrated in Table 2
(CHMIELEWSKI et al. 2020).

HEALTH CONSEQUENCES OF EXPOSURE TO IDENTIFIED
POLLUTANTS EMITTED FROM MSW

Research in the field clearly indicates the presence of compounds threat-
ening human health and the atmosphere in MSW landfill leachates. Landfill
fires cause contamination with nitrates, heavy metals such as As, Cr, Cr(6)
Hg, Zn, Pb, Cd, Cu, PAH or PCDD/PCDF and others. The above is a threat
to inhabitants of the area surrounding a landfill as well as to people who
work in the area (LAR, Zr.oTKowska 2013, Li et al. 2014, WEICHENTHAL et al.
2015, HaN et al. 2016, MataLoNI 2016, KAMARUDDIN et al. 2017, MISHRA et al.
2018, Yu et al. 2020, ZENG et al. 2021).
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Table 2
Emissions of pollutants from landfill fire, ng m* (CHMIELEWSKI et al. 2020)
Pollutant (compound) Controlled MSW Uncontrolled MSW
Class compound landfill fire landfill fire

Acenaphthylene 90 60
Acenaphthene 50 30
Fluoranthene 100 50
Phenanthrene 520 30
Anthracene 160 85
Fluorene 120 180
Pyrene 120 170
Benzo[a]anthracene 60 60
Chrysene 80 70
Benzo[a]pyrene 20 15
Indeno[1,2,3-cd]pyrene 10 10
Dibenz[a,h]anthracene 10 10
Benzo[g,h,i]perylene 10 10
Total PAHs 1480 810
(polycyclic aromatic hydrocarbons)

Total PCBs polychlorinated biphenyl 15.5 590

On the basis of available data, we are able to demonstrate that being
exposed to pollutants emitted to the environment from MSW landfills may
have negative consequences to health, depending on their properties as well
as the duration and location of the exposure (MATALONI 2016).

The research findings show that the closer a person exposed to pollution
lives to a landfill, the greater the risk of adverse health effects and,
as a matter of logic, the greater the risk of environmental pollution by com-
pounds generated in the landfill (Garcia-PirEzZ 2013, MaTALONI et al. 2016,
ZUBERO et al. 2017).

The environmental pollution related to MSW landfill operation as well as
landfill fires has negative health consequences both in short- and long-run.
Examples of short-term effects are congenital anomalies, asthma and other
respiratory system diseases, stress, anxiety, headaches, vertigo, nausea and
the irritation of respiratory tracts. Long-term effects include chronic illnesses
of the respiratory system and the cardiovascular system, kidney diseases,
tumors or cancers and illnesses of the lymphatic and hematopoietic system.
Studies also show that they have an impact on the reproductive system,
as well as fetuses and infants and on the emergence of congenital defects
(GaJgskr et al. 2012, Kan et al. 2012, Garcia-PirEz 2013, ASHWORTH et al. 2014,
BraNEs-VIDAL et al. 2014, MUKHERJEE et al. 2015, KumaR! et al. 2017, KHALIL
et al. 2018, CHMIELEWSKI et al. 2020b,c¢).
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The negative health consequences resulting from the duration of expo-
sure to heavy metals, their concentrations and the means of spreading into
a human body may lead to their chronic accumulation in the kidneys and the
liver, causing the dysfunction of various biochemical processes, which con-
tributes to disorders and diseases of the cardiovascular, skeletal, renal and
nervous systems. Proven negative health consequences of heavy metal expo-
sure include: malignancy of the tissues of the lungs, nose, sinuses and respi-
ratory tracts, while the consumption of contaminated water may be linked
to mouth cancer, stomach cancer and colorectal cancer; loss of hearing;
dysfunction of the liver and kidneys; neurological disorders in the form
of peripheral neuropathy, paresthesia, orthostatic hypotension and the disor-
ders of excretion and angioedema; damage of the central nervous system
(Znou et al. 2017, BoroN et al. 2018, CyraN et al. 2019, OcHWANOWSKA et al.
2019, CHMIELEWSKI et al. 2020d, e, /).

CONCLUSIONS

Given improper management and lack of appropriate protection, muni-
cipal solid waste landfills may pose a threat to the environment and human
health. Exposure to identified factors may have negative consequences
on health in the short- and long-term perspective. As research has shown,
due to potential hazards, it is necessary to monitor MSW landfills in order
to increase the safety of local residents and workforce employed in the area.

There is a need for far-reaching customization of the process of diagnos-
ing a person’s health condition as far as health consequences of contamina-
tion are concerned, accounting for the domestic and occupational conditions
of environmental exposure.

Conflict of interest: none declared.

REFERENCES

Acamutnu P. 2013. Landfilling in developing countries. Waste Manage Res, 31(1): 1-2. DOI: 10.1177/
/0734242X12469169

AROMOLARAN O., Facape O.E., AromorLARAN O.K., FaLevE E.T., FAgrBer H. 2019. Assessment
of groundwater pollution near Aba-Eku municipal solid waste dumpsite. Environ Monit
Assess., 191(2): 191:718. DOI: 10.1007/s10661-019-7886-1

AsaworTH D.C., Erriort P., ToLEDANO M.B. 2014. Waste incineration and adverse birth and
neonatal outcomes: a systematic review. Environ Int., 69: 120-132. DOI: 10.1016/j.envint.
2014.04.003

Bant A., Branushi F., CeLa E., Josic S.M.E. 2011. The assessment of air and water quality
of Sharra landfill. Alban J Agric Sci, 10(1): 31-38. http://ajas.ubt.edu.al/wp-content/
/uploads/2018/05/bani_et_al.pdf

Baxu Z., CaowpaUrRY M.S.A., Hossain M.D., Nakacamr K. 2013. Contamination and ecological
risk assessment of heavy metal in the sediment of Turag River, Bangladesh: An index analy-
sis approach. J Water Res Protect, 5(2): 239-248. DOI: 10.4236/jwarp.2013.52024



580

Buarra B., Saint M.S., Jua M.K. 2013. Effect of age and seasonal variations on leachate charac-
teristics of municipal solid waste landfill. Int J Res Engin Technol, 2(8): 223-232. https://
ijret.org/volumes/2013v02/i08/IJRET20130208037.pdf

BraNEs-VIDAL V., BAELUM J., SCHWARTZ J., LoFsTRoM P., CHRISTENSEN L.P. 2014. Respiratory and
sensory irritation symptoms among residents exposed to low-to-moderate air pollution from
biodegradable wastes. J Expo Sci Environ Epid., 24(4): 388-97. DOI: 10.1038/jes.2014.20

BoroN M., DoBrakowskl M., CHMIELEWSKI J., GWOREK B., KOrRZONEK-SZLACHETA 1., KIELTUCKI J.,
SzZPRINGER M., KaspErczyk S. 2018. Health aspects of an acute exposure to lead. Przem
Chem., 97(4): 618-623. (in Polish) DOI: 10.15199/62.2018.4.2

CuMIELEWSKI J., ZEBER-Dzikowska L., Luszezkr J.J., SzaNer J., Barryzen M., DziecHciaz M.,
CuMiELowIEC B., GWOREK B., WoJsrowicz B. 2020. Release of pollutants into the environment
as a result of landfill fires and their impact on human health in the context of health educa-
tion. Przem Chem., 99(8): 1149-1154. (in Polish) DOI: 10.15199/62.2020.8.6

CumieLewskr J., Gworek B., Frorek-buszczki M., Nowak-Starz G., Wostowicz B. Woscik T.,
ZEBER-DzIKOWSKA 1., STRZELECKA A., SZPRINGER M. 2020a. Heavy metals in the environment
and their impact on human health. Przem Chem., 99(1): 50-57. (in Polish) DOI: 10.15199/
162.2020.1.3

CHMIELEWSKT J., Wosrowicz B., Zeser-Dzikowska ., Fuszezkr J. J., DziecHciaz M., SIERPINSKT R.,
MarszALEK A., GWOREK B., SzPRINGER M. 2020b. Mercury. Sources of release into environ-
ment, pollution indicators, threats to human health and the role of education. Przem
Chem., 99(8): 1227-1233. (in Polish) DOI: 10.15199/62.2020.8.6

CHMIELEWSKI dJ., CZARNY-DziarAk M., Kosowska E., SzPRINGER M., GWOREK B., FLoOREK-L.UszczKI M.,
KroL H., GonNczarYK A., Nowak-Starz G. 2020c. Release of hazardous substances into
the environment during the medical waste disposal and associated health risks. Przem
Chem., 99(3): 397-405. (in Polish) DOI: 10.15199/62.2020.4.15

CHMIELEWSKI dJ., STARZ-NowaK G., GWorReK B., KroL H., SzprINGER M., WoéJcik T., Dziewisz E.,
KowaLska A., CzarNY-Dziavak M. 2020d. Chemical substances occurring in the work environ-
ment as an etiological factor of occupational diseases. Przem Chem., 99(5): 718-726. (in Polish)
DOI: 10.15199/62.2020.5.9

CHMIELEWSKI dJ., SZPRINGER M., Liuszczri J. J., Czarny-Dziarak M., Dutkiewicz E., ZigBa E., GWOREK B.,
Dziecaciaz M., Nowak-StaRz G. 2020e. Occupational and environmental exposure to sub-
stances and chemical mixtures that are toxic to human reproduction. Przem Chem.,
99(6): 865-874. (in Polish) DOI: 10.15199/62.2020.6.7

CHMIELEWSKI J., NOWAK-STARZ G., RUTKOWSKI A., BARTYZEL M., CzARNY-Dziarak M., GWOREK B.,
KroL H., Liuszezkr J.J., SzPRINGER M. 2020f. Occupational exposure to carcinogens and muta-
gens in the work environment. Przem Chem., 99(3): 397-405. (in Polish) DOI: 10.15199/
162.2020.3.8

CyYraN M., Frorek-Luuszczkr M., CzarNy-Dziavak M., Kron H., SzprRINGER M., DzikcHciaz M.,
Nowak-StArRz G., GWOREK B., CHMIELEWSKI J. 2019. Impact of environmental and occupatio-
nal exposure to mercury on the systems of the human body. Przem Chem., 98(4): 5688-597.
(in Polish) DOI: 10.15199/62.2020.4.15

DmocHowsKk! D., DMocHOWSKA A., BiEDUGNIS S. 2015. Chromatographic analysis of chemical com-
pounds in the leachate from municipal landfill, undergoing electrooxidation. Rocz Ochr Sr.,
17: 1196-1206. (in Polish) http://www.ros.edu.pl/images/roczniki/2015/071_ROS_V17_
R2015.pdf

Gtéwny Urzad Statystyczny. Environment 2020. Statistics Poland. (in Polish) https:/stat.gov.pl/
/obszary-tematyczne/srodowisko-energia/srodowisko/ochrona-srodowiska-2020,1,21. html#

Directive 1999/31/EC on the landfill of waste. https://eur-lex.europa.eu/legal-content/EN/
/LSU/?uri=CELEX%3A319991.0031

GaJset G., ORESCANIN V., GaraJ-VRHOVAC V. 2012. Chemical composition and genotoxicity assess-

ment of sanitary landfill leachate from Rovinj, Croatia. Ecotox Environ Safe, 78: 253-259.
DOI: 10.1016/j.ecoenv.2011.11.032



581

GARCiA-PEREZ J., FERNANDEZ-NAVARRO P., CasteLrLd A., Lorez-Civa M.F., Ramis R., Borpo E.,
LorEz-ABENTE G. 2013. Cancer mortality in towns in the vicinity of incinerators and instal-
lations for the recovery or disposal of hazardous waste. Environ Int., 51: 31-44. DOI: 10.1016/
/j.envint.2012.10.003

Hax Z., Ma H., Sua1 G., He L., Wzr L., Sur Q. 2016. A review of groundwater contamination
near municipal solid waste landfill sites in China. Sci Total Environ., 569-570:1255-1264.
DOI: 10.1016/j.scitotenv.2016.06.201

Jovanov D., Vuigi¢ B., Vuai¢ G. 2017. Optimization of the monitoring of landfill gas and leachate
in closed methanogenic landfills. J Environ Manage., 216: 32-40. DOI: 10.1016/
/j.jenvman.2017.08.039

Kan M., Levy L., BrowN C. 2012. Potential for effects of land contamination on human health.
2. The case of waste disposal sites. J Toxicol Env Healt B, 15(7): 441-467. DOI: 10.1080/
/10937404.2012.736855

KarLiNvovsgaya 1. 2016. Implementation Project for deposit-refund system in the Republic of Bela-
rus. Lund University. Sweden. http://lup.lub.lu.se/student-papers/record/8892522

KamaruppiN MLA., Yusorr M.S., Rut LLM., Isa A.M., Zawawi M.H., ALrozi R. 2017. An overview
of municipal solid waste management and landfill leachate treatment: Malaysia and Asian
perspectives. Environ Sci Pollut R., 24(35): 26988-27020. DOI: 10.1007/s11356-017-0303-9

KuauiL C., AL Hacen C., KorraLl, S., KHNAYZER, R.S. 2018. Municipal leachates health risks:
Chemical and cytotoxicity assessment from regulated and unregulated municipal dumpsites
in Lebanon. Chemosphere, 208: 1-13. DOI: 10.1016/j.chemosphere.2018.05.151

Krauck C.R , Ropricues M.A., pa Stva L.B. 2013. Toxicological evaluation of landfill leachate
using plant (Allium cepa) and fish (Leporinus obtusidens) bioassays. Waste Manage Res.,
31(11): 1148-1153. DOI: 10.1177 / 0734242X13502388

Kumart P., Gupra N.C., Kaur A. 2017. A review of groundwater pollution potential threats from
municipal solid waste landfill sites: assessing the impact on human health. Avicenna
J Environ Health Engine, 4(1): e11525. DOI: 10.5812/ajehe.11525

Lar K., ZrotkowskAa R. 2013. Health effects of living in the vicinity of the landfills. Med Srod. -
Environ Med, 16(4): 71-78. (in Polish) http://www.environmed.pl/Skutki-zdrowotne-
-zamieszkiwania-w-sasiedztwie-skladowisk-odpadow,113517,0,2.html

Law of 14 December 2012 on waste. Dz.U. 2013 poz. 21. (in Polish) https://isap.sejm.gov.pl/isap.
nsf/DocDetails.xsp?id=WDU20130000021

LEszczyNskr J. 2011. Pretreatment of stabilized landfill leachate using coagulation-flocculation.
Inz Ekol, 25: 242-250. (in Polish) http://yadda.icm.edu.pl/baztech/element/bwmetal.element.
baztech-article-BPWR-0003-0022

Li1Y., LiJ., Dexca C. 2014. Occurrence, characteristics and leakage of polybrominated diphenyl
ethers in leachate from municipal solid waste landfills in China. Environ Pollut., 184: 94-100.
DOI: 10.1016/j.envpol.2013.08.027

Mararont F., Baparont CH., GoLint M.N., BoriaNano A., Buccr S., Sozzi R., FORASTIERE F., DavoLr
M., Ancona C. 2016. Morbidity and mortality of people who live close to municipal waste
landfills: a multisite cohort study. Int J Epidemiol, 45(3): 806-815. DOI: 10.1093/ije/
/dyw052

MisHra H., KarMakAR S., KuMar R., KapamBara P. 2018. A long-term comparative assessment
of human health risk to leachate-contaminated groundwater from heavy metal with different
liner systems. Environ Sci Pollut Res., 25(3): 2911-2923. DOI: 10.1007/s11356-017-0717-4

MoLmNart A., CHipicHIMO F., STRAFACE S., GUADAGNINI, A. 2014. Assessment of natural back
ground levels in potentially contaminated coastal aquifers. Sci Total Environ., 476-477: 38-48.
DOI: 10.1016/j.scitotenv.2013.12.125

MUKHERJEE S., MUKHOPADHYAY S., Hasamt MLA., SEN Gupta B. 2014. Contemporary environmen-
tal issues of landfill leachate: assessment and remedies. Crit Rev Env Sci Tec., 45(5): 472-590.
DOI: 10.1080/10643389.2013.876524



582

NavEEN B.P., MAHAPATRA D.M., SitHARAM T.G., StvapuLLAIAH P.V., RAMACHANDRA T.V. 2017. Physico-
-chemical and biological characterization of urban municipal landfill leachate. Environ
Pollut., 220(A): 1-12. DOI: 10.1016 / j.envpol.2016.09.002

NortH E.J., HALDEN R.U. 2013. Plastics and environmental health: the road ahead. Rev Environ
Health, 28(1): 1-8. DOI: 10.1515/reveh-2012-0030

OcHwANOWSKA E., CzarNy-Dziarak M., ZEBER-Dzikowska L., Wostowicz B., Gworek B., KroL H.,
DziecHciaz M., SZPRINGER M., CHMIELEWSKI J. 2019. Chemicals in food as a health threat.
Przem Chem., 99(10): 1614-1618. (in Polish) DOI: 10.15199/62.2019.10.17

Ocunseu P., Ajavi T.R., OLarREwAJU V.O. 2015. Trace metals and hydraulic characterization
of soils and groundwater around Ajakanga dumpsite in Ibadan Metropolis. J Environ
Earth Sci., 5(22): 75-94. https://www.liste.org/Journals/index.php/JEES/article/
/view/27596/28311

Oracungu E., Bapmus O., Ocuniana F., BaBarora M. 2018. Environmental impact assessment of
waste dumpsite using integrated geochemical and physico-chemical approach: A case study
of Ilokun waste dumpsite, Ado - Ekiti, Southern Nigeria. Civil Eng Res J., 4(2): 0034-0046.
DOI: 10.19080/CERJ.2018.04.555631

ONYERWELU L.L., AcuamMELU O.P. 2019. Impact of organic contaminants from dumpsite leachates
on natural water sources in the Enugu Metropolis, southeastern Nigeria. Environ Monit
Assess, 191(9): 543. DOI: 10.1007/s10661-019-7719-2

Posnack N.G. 2014. The adverse cardiac effects of Di(2-ethylhexyl)phthalate and bisphenol A.
Cardiovasc Toxicol., 14(4): 339-357. DOI: 10.1007/s12012-014-9258-y

Regulation of the Minister of Environment of 11 January 2013 on the detailed requirements
for collection of municipal waste from property owners. Dz.U. poz. 523, 2013. (in Polish)
http://[isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20130000122

SAMADDER S.R., PraBHAKAR R., KHaN D., Kisuan D., CHaunaN M.S. 2017. Analysis of the contami-
nants released from municipal solid waste landfill site: A case study. Sci Total Environ.,
580: 593-601. DOI: 10.1016 / j.scitotenv.2016.12.003

SmoL M., WEODARCZYK-MAKUEA M., Boupziewicz J., MiELCZAREK K. 2014. Comparison of the reten-
tion of selected PAHs from municipal landfill leachate by RO and UF processes. Desalin
Water Treat., 52(19-21): 3889-3897. DOI: 10.1080/19443994.2014.887451

Wnoowczyk A., SzymaNsra-Purikowska A. 2018. Analysis of possibilities of water environment
assessment in the area of the landfillment of municipal waste. Inz Ekol — Ecol Engine,
19(6): 57-64. (in Polish) DOI: 10.12912/23920629/95279

Wirr M., Goniewicz M., Pawrowskl W., Goniewicz K., Biczysko W. 2017. Analysis of the impact
of harmful factors in the workplace on functioning of the respiratory system of firefighters.
Ann Agric Environ Med., 24(3): 406-410. DOI: 10.5604/12321966.1233561

ZALEWSKA J. 2019. Waste management system in Poland — current state and directions of impro-
vement. Ekon Org Log, 4(1): 103-113. (in Polish) DOI: 10.22630/EI0L.2019.4.1.9

7ENG D., CHEN G., ZHOU P., XU H., Qronc A., Duo B., Lu X., WanG Z., HaN Z. 2021. Factors influ-
encing groundwater contamination near municipal solid waste landfill sites in the Qinghai-
-Tibetan plateau. Ecotox Environ Safe., 211:111913. DOI: 10.1016/j.ecoenv.2021.111913

Zuou S., Luoma S.E., ST ArMoUR G.E., THAKKAR E., Mackay T. F. C., Axnort R. R. H. 2017.
A Drosophila model for toxicogenomics: Genetic variation in susceptibility to heavy metal
exposure. Plos Genetics, 13(7): €1006907. DOI: 10.1371/journal.pgen.1006907

ZUBERO M.B., EGUIRAUN E., AURREKOETXEA J.J., LERTXUNDI A., ABAD E., PARERA J., IBARLUZEA J.
2017. Changes in serum dioxin and PCB levels in residents around a municipal waste inci-
nerator in Bilbao, Spain. Environ Res., 156: 738-746. DOI: 10.1016/j.envres.2017.04.039

Yu X., Sut Q., Lyu S., Zaao W., Liu J., Car Z., Yu G., BarciLo D. 2020. Municipal solid waste
landfills: An underestimated source of pharmaceutical and personal care products in the
water environment. Environ Sci Technol., 54(16): 9757-9768. DOI: 10.1021/acs.est.0c00565



