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INTRODUCTION

Problem

Human economic activity is accompanied by the garar of waste. It is considered that
industrial output every 25 years increases by m@di (Jaskeletius 2009). Industry uses a lot of
mineral raw materials and the quantity is consyanitreasing. In 1910, average consumption of
raw materials was 5 tons per capita. Today thislleas reached 45 to 50 tons per capita. Only
about 2 % of used materials are final product, I8 % are wastes that pollute the
environment. Therefore, waste disposal is one efrtfost important environmental problems
known from ancient times.

Waste management requires a lot of money, but hgpkirther into the future it is
cheaper to manage waste today than liquidate theegoences of pollution after few decades.
Solving waste disposal problems three main direstioan be chosen: waste recycling, waste
incineration and storage of waste in specially eegied landfills. Disposal of wastes to land is
an inevitable component of every solid waste mamage system. Even if facilities are provided
for processing the waste to recover materials e@rgn there will always be a need for land
disposal of a residual proportion of the wastein&lly produced.

Anaerobic degradation of the biodegradable fractérithe landfilled municipal solid
waste causes several environmental problems suitie ggoduction of methane, volatile organic
compounds, odours and leachate, the presence tirsgmnsects, rodents and birds), public
health hazard, explosions and plant toxicity (Seaghd Adani 2008). All these negative impacts
and the long time required to stabilize the makeraae the major issues that make landfills
unsustainable. Odorants in landfill sites are nyagdnerated by landfill gas (trace compounds),
fresh wastes and leachate. Some typical odoroupa@anas in landfill gas have very low

detection thresholds and can be detected by huwssat very low concentrations.

Actuality of the work

The best way to avoid problems of waste dispos#ndfills is to provide a number of
preventive actions in the planning of the landfills

Landfill odours and landfill gas composition aredelly investigated in France (Bogner,
Lambolez, Taramini, Senante), Greece (Loizidou, éfapious), Turkey (Dincer), Australia
(Bowly). Landfill covers are investigated in manypacts: composition, hydro-physical
properties, water balance, methane oxidation, atisor characteristics of 4%, short and long
term performance, and cost (Kavazanjian, DobrowpBRlaza, USA; He, China; Cossu, lItaly;

Solan, Ireland; Scheutz, Denmark; Tham, SwedenpuDgerception complexity, number of

Department of Environmental Protection
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compounds, low sensitivity and subjectivity are thmain limitations of odour evaluation

techniques (Bonoli, Capelli, Sironi, Italy; NicoJ&elgium; Karnik, UK).

Aim of the work
The aim of this research work is to evaluate tlil@@mce of the thickness of construction
and demolition debris cover on minimization of cales emissions in landfill for short (1-2 days)

and longer (more than 3 days) periods.

Objectives
The main objectives of this research work are:

1. To evaluate the influence of the thickness of aoesibn and demolition debris cover on
reduction of the odorous emissions from landfill.

2. To evaluate the influence of the construction aaahalition debris cover on reduction of
the odorous emissions from landfill for short (Bk&ys) and longer (more than 3 days)
periods.

3. To prepare the simulation of the odour dispersiauiad landfill site according to data
obtained during the investigation.

Novelty of the work
Intermediate and final landfill covers are inveateg in many aspects: composition,
methane oxidation, adsorption characteristics £8,Htc. In this work daily covers are evaluated

with respect to variety of odorous compounds, attarsstics of used materials.

Practical meaning of the work
In this work alternatives of conventional daily eowsed in landfills are recommended.
Investigation results could be put in practice rtgoiove landfill operation and mitigate public

concerns related to the odorous emissions.

Acknowledgements
We would like to thank for the possibility to writmal master thesis according to double
diploma agreement at Riga Technical University.cgdehanks to Prof Dagnija Blumberga and

Dr lize Dzene for their kind assistance during pheparation of final paper.
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1. LANDFILL ODOURS AND POSSIBILITIES OF ODOUR CONTR OL

By the turn of the 20 century, a variety of waste disposal practicesewaxtopted by
municipalities, ranging from land disposal, wateispdsal (including ocean dumping),
incineration, reduction, or some combination of moels (Pichtel 2005). Landfills are and will be
a significant part of municipal solid waste (MSWanmagement for the coming years (Benavides
and Craik 2003).

Anaerobic degradation of the biodegradable fractidnthe landfilled MSW causes
several environmental problems such as the prantucti methane, VOCs, odours and leachate,
the presence of vectors (insects, rodents, and)biptdiblic health hazard, explosions and plants
toxicity (Scaglia and Adani 2008). All these negatimpacts and the long time required to
stabilize the materials (after care period) arentlagor issues that make landfills unsustainable.

Potential hazards for MSW landfill workers includ&illett 1993): primary human
pathogens, secondary pathogens and their toxidatileoand semi-volatile organic chemicals,
persistent, lipophilic organic chemicals, metalsheo inorganic materials (e.g., asbestos),
organometallics, allergens, corrosive, caustic|astpe, and sharp materials.

People’s concerns about various impacts relateghunicipal solid waste management
facilities were analyzed by performing a questiornaurvey and statistical analysis (Matsato
al. 2003). Pollution and health effects, reliabilitly facility owners, and damage to nature are
highly worrying impacts of MSW management faciktieAmong the nuisance factors, flies,
rodents, and crows were the most annoying. Tworatse disposal methods, incinerator and
landfill, were evaluated by using value systemsiidied by AHP (Matsutaet al. 2003). Except
for the case of giving a higher weight to incineratfor dioxin, landfills were not preferred. This
Is because residents had a negative image of lsndfimost impact categories.

1.1. CHARACTERISTIC OF LANDFILL ODOURS

Municipal wastes are highly heterogeneous and dwecldurable goods, nondurable
goods, packaging and containers, food wastes, wasties, and miscellaneous inorganic wastes.
For ease of visualization, MSW is often dividedoirttvo categories: garbage and rubbish.
Garbage is composed of plant and animal waste gtteras a result of preparing and
consuming food. This material is putrescible, megrthat it can decompose quickly enough

through microbial reactions to produce bad odoadslearmful gases. Rubbish is the component

Department of Environmental Protection
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of MSW excluding food waste, and is nonputrescidfmme, but not all, of rubbish is
combustible (Pichtel 2005).

“Landfill” means a waste disposal site for the dapof the waste onto or into land (i.e.
underground), including: internal waste dispostdss{i.e. landfill where a producer of waste is
carrying out its own waste disposal at the placerofiuction), and a permanent site (i.e. more
than one year) which is used for temporary storafge/aste, but excluding: facilities where
waste is unloaded in order to permit its prepamatar further transport for recovery, treatment
or disposal elsewhere, and storage of waste mioedovery or treatment for a period less than
three years as a general rule, or storage of vpagteto disposal for a period less than one year
(1999/31/EC,; Lietuvos Respublikos... 2000).

Like any other type of waste treatment, landfilosld be adequately monitored and
managed to prevent or reduce potential adverseteftan the environment and risks to human
health (1999/31/EC). Measures should be taken tormde nuisances and hazards arising from
the landfill through: emissions of odours and dushd-blown materials, noise and traffic, birds,
vermin and insects, formation of aerosols, fires.

The basic unit of a landfill is a “cell”, which ihaes daily deposits of compacted waste
and daily layers of cover material (Hilget al. 2009). A cell is typically 3 m high, although
heights of 10 m have been employed. Cells typidadlye a rectangular surface area and steeply
sloping sides. Waste is deposited into a cell eshand compacted to 710-950 ki/mAt the
end of each work day, the waste is covered by sdilch serves to exclude disease vectors,
rodents, and rainwater, minimize odour and windbdiitier (Rushbrook and Pugh 1999). A
given cell is filled to a designated height, aftdrich a new cell is begun. After adjacent cells in
a sector are filled to the same height, they allecovely referred to as a lift (Fig. 1.1). A liis
often covered with an additional 15 cm layer ofl €mi combination of soil and compost that
provides a more permanent barrier to odour anarsteaiter. New cells are then established over

the intermediate cover until the landfill secticaslreached a pre-determined height.

Fig. 1.1.Scheme of typical landfill cell formation (Hilget al. 2009)
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After a series of lifts has been completed, bubtefinal capping occurs, it is common
practice to place a layer of intermediate covert@m of the cells (Hilgeret al. 2009). This
typically 30 cm layer of soil is seeded for erosmmtrol. A final cover is a highly engineered
system that overtops the intermediate cover ofmapteted landfill sector to minimize infiltration
of rain water and dispersion of waste. This covso aids in the long-term maintenance of the
landfill. The final cover typically consists of ag control layer that routes gas to flares or a
collection system, a filter and drainage layer, addyer of seeded topsoil for erosion control.

Methane, a basic component of the landfill biogastiibutes significantly (6-20 %) to
its total anthropogenic emission to the atmosphBexruction of methane emission from the
landfills can be achieved by its practical utilinat or by its microbial oxidation in the landfill
cover soil layer (Stepniewski and Zygmunt 2003;cNoiuet al. 2009).

The landfill soil cover is capable to oxidize 40100 % of methane diffusing through it
under the considered conditions (Stepniewski arghrynt 2003). The degree increases with the
potential methanotrophic activity and decreasehl wie gas diffusion coefficient. Methane and
carbon dioxide concentrations in the landfill cogeil are not highly dependent on R/Ohe
amount of methane emitted from the landfill soiveoto the atmosphere increases with /D
but decreases with the increase @f«qGas diffusion coefficient is a very importantlgaiysical
parameter decisive for the methanotrophic capadtitiie soil layer covering landfill.

The changes in the hydro-physical properties ofSAWandfill owing to an intermediate
soil layer were studied (Olayiwola 2009). Key paedens, including dry density, drainable
porosity, and saturated hydraulic conductivity @fste samples with and without an intermediate
soil layer were measured in conventional test agfider increasing overburden stresses. The
waste-only fill was more permeable than waste ipoating a soil cover; however, this reduced
with increased vertical stresses applied to ths. filhe measured and calculated values of the
saturated hydraulic conductivity of the compositks fdiffered up to a factor of 100 at low
vertical stresses. The moisture routing, undertakgéh a modified Hydrologic Evaluation of
Landfill Performance (HELP) model, suggests tha tlse of daily cover soil may reduce
leachate drainage, thus increasing the degree istune saturation in waste fills.

All aspects of landfill — delivery of waste, thepty of waste and its placement, the
installation of pollution control infrastructurerfa FG and leachate management, operation of
pollution control plant, especially LFG flares agds engines — are potential sources of odour
(McKendryet al.2002).
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The gaseous compounds emitted from landfills hawgious impacts on their
surroundings and act on different scales, as iltesti by Fig. 1.2 (Fischest al. 1999). In
addition to having impacts over a large spatialesggaseous emissions also act on different time
scales. Odours and dust, for example, are maimlgsient phenomena, while some of the
anthropogenic trace compounds in LFG may persidt aotumulate in organisms or natural

ecosystems over very long periods of time.

Greenhouse
effect

Odours
Fire, explosion

Odours, dust Health
Damage to vegetation
fi)
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Landfill n Iq
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]
L

Groundwater - ==
pollution

Fig. 1.2.The different scales of the impacts of gas fronuféls (Fischeret al. 1999)

Organosulphur compounds, i.e. mercaptans and cadoomnmethyl sulphides, are
important contributors to the foul smell of MSW ¢Hifi gas (Fischeret al. 1999). They most
probably arise from the degradation of proteinsicihypically form some 6 % of food wastes.
Hydrogen sulphide is highly toxic and affects tlvous system. It also has a repugnant odour
and is highly flammable. Its odour threshold is poised between 5 and 40 ppm. Above 50 ppm
it paralyses the olfactory system. Concentratidisva 400 ppm affect the nervous system and
above 700 ppm there is risk of death by respirafaityre.

Odorous compounds in landfill sites are mainly getesl by landfill gas (trace
compounds), fresh wastes and leachate (Sewrartie2003). Some typical odorous compounds
in landfill gas have very low detection threshcodaisl can be detected by human nose at very low

concentrations.
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Landfill gas is a complex mixture of many compoungisncipal compounds which a
odourless (CH CO,, Ny) and many trace compounds among which some of thes
responsible for odourg§Senanteet al. 2003) All these compounds can be classified in
following main families: sulphurous, nitrogenoukjedydes, acids, ketones, alcohols, arome
estes and chlorinated compoun

The following areas have been identified as odources in landfill sites (Senaret al.
2003; Sironiet al. 2003):

e Tipping area: odours due to waste discharged frcks and the first operations w
engines to lay outesh waste

e Active cells: this source includes the fremunicipal solid vaste odours and landfill g.
odours due to the beginning of aerobic proce

e Non active cells: this source is due basicallyatadfill gas and reveals the limits of c
coversand the collection network efficien:

e Landfill gas: this term gathers odours from thedlarea, odours from leaks or failures
the gas collection network and the cells which ao¢ connected to the collectis
network.

e Leachate pond: it deals with curs spreading from leachate in general and stquagd
in particular, except on site leachate treatmegmtpdmission

" Leachate
Lea‘ij ;t; treatment
pon b 79 o
. IpPpPINg
Landfill
24 %
gas 26 % e ’
Non active Active
cells 11 % cells 22 %

Fig. 1.3. Odour sources in landfill sites (Senaetel.2003
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Fig. 1.3 shows that:

e Odours associated with landfill gas (landfill gastive cells and non active cells) are the

main sources of odours from a sanitary landfill {69

e Odours associated with fresh MSW (unloading arebaative cells) represent the second
source of odours (46 %),

e Odours associated with leachate (leachate pondreatinent) are the third odour source
in landfill sites (16 %).

Waste deposited in a landfill will undergo anaecolllecomposition resulting in
generation of landfill gas consisting mainly of treate (55-60 %) and carbon dioxide (40-45 %).
Landfill gas contains more than 100 different tr@ases including halogenated and aromatic
hydrocarbons, sulphur and nitrogen containing camgs. Typical trace gas concentrations are
in the range of 10-25(0g/m®. The trace components originate from hazardousenia
deposited in the landfill or from biological or chizal degradation of materials disposed in the
landfill (Scheutzet al. 2003).

The potential for natural attenuation of non-methanganic compounds (NMOCs) in
landfill covers was investigated in soil microcosimsubated with methane and air, simulating
the gas composition in landfill soil covers (Sclzeat al. 2003). In total, 18 NMOCs were
investigated, including chlorinated methane, ethagthene, fluorinated hydrocarbons, and
aromatic hydrocarbons. Mass balance calculatiomgyute maximal oxidation rates obtained
demonstrated that landfill soil covers have a gigamt potential for not only methane oxidation
but also degradation of selected volatile orgarmdsold landfills with lower gas production, or
at engineered landfills with gas collection systemmethane oxidation and degradation of
NMOCs in cover soils may play a very important rimleéeducing the emission of both methane
and trace components into the atmosphere.

Emissions of methane and more than 30 non-methaganic compounds were
quantified at two French landfills: Lapouyade (nBardeaux) and Grand’Landes (near Nantes)
(Bogneret al. 2003). At Lapouyade, three areas were investigatesl final cover area, the
temporary cover area, and a forest control areaGrand’Landes, emissions from three areas
were measured: the final cover area with a geomamneboverlying an innovative gas collection
layer, the final cover area, and a field contr@aarBased on the emission measurements and
complementary laboratory experiments, a generaéresite was observed between emissions
and biodegradability of various NMOCs. The emissigonsisted mainly of compounds which
are not degradable or slowly degraded under aemnditions (CFCs and higher chlorinated

compounds), while low to negative emissions wergeoked for compounds more readily
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degradable under aerobic conditions (especially #rematics and lower chlorinated

compounds).

Table 1.1.List of parameters selected for completion of etize analyses (Lambolet al. 2003)

Pollutants Toxicity criteria
Monocyclic aromatic hydrocarbons Neurotoxicity
Ketones, aldehydes, alcohols Irritants, neurotoxici
Cyclic hydrocarbons, phenols, halogen compounds rdtexicity
Polycyclic aromatic hydrocarbons Diesel emissiacdrs
Organic sulphur compounds (mercaptans) Irritants
Mineral and organic acids (HCI, HF) Irritants
Phtalates Potential carcinogenicity
H.S, NH; Acute toxicity
CO, CQ, and Q Irritants, acute toxicity
NO,, NO,, and SQ Chronic respiratory toxicity
Gaseous and particulate metals: As, Pb, Mn, Cd,S . -~
Ni, Cr ystemic toxicity
gﬁgtil (9 0,5-2Qum) and alveolar (& 0,54m) Inhalable dust
Asbestos Carcinogenicity

Potential risk to health from household or indadtnvaste landfills is an issue of
continuing public concern (Lambolez al. 2003). The study implemented on two sites by the
French Health and Waste Network includes exhaustreeical and microbiological analyses of
sources, air analyses of selected pollutants amdororganisms at several places of work, and
survey of health parameters on workers. Table Hols a list of pollutants adopted due to their
concentration levels and their toxicity criteria.

The measured concentrations of chemical pollutamtshe environment at the two
landfill sites monitored are low and below the #imeld values (Lamboleet al. 2003). Two
parameters of concern for workers have been idedtibecause of their capacity to cause
respiratory problems and immuno-allergic reactiotise dust and the microorganisms’
concentrations. Their spreading outside the sitenbaries has not been showed.

Three municipal solid waste landfills in Australigere investigated to assess landfill
odour emissions (Bowly 2003). The tools used i thivestigation are tools currently used in
odour impact assessment, namely dynamic olfactgmegas chromatography — mass
spectrometry (GC-MS) and artificial neural netwok(ANN).

The top 10 landfill odorants, based on individudbor threshold estimates, are shown in
Table 1.2. This table also separates the tipfacetlam LFG samples to show the difference in

odorous chemicals from each source.
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Percentage Percentage Percentage
Landfill odour Tipface odour Landfill gas odour
contribution contribution contribution
Ethylbenzene 24.3 2,3-butanedione 31.6 Ethylbenzene 40.8
23- 21.6 Methy- 24.7 Methyl- 20.5
butanedione mercaptan mercaptan
Methyl- 20.0 Hydro_gen 205 Hydrqgen 18.9
mercaptan sulphide sulphide
Hydrogen 18.5 Ethylbenzene 11.3 Dimethy- 75
sulphide sulphide
Dimethyl- Dimethyl- Sulphur
sulphide 53 sulphide 34 dioxide a7
Sulphur 2- Carbon
dioxide 2.0 methylpropanal 1.2 disulphide 2.8
Dimethyl- 1.9 I-propyl- 1.2 Benzene 1.8
disulphide mercaptan
Carbon Dimethyl- 2,3-
disulphide 1.8 disulphide 0.7 butanedione 0.6
Benzene 0.8 Ethylmercaptan 0.7 m,p-xylenes 0.6
I-propyl- 0.6 Ethanol 0.5 2- 0.3
mercaptan methylpentane

Odour emission rates

were found to be 0.335 Glits for landfill tipfaces and less
than 0.002 OU/fim?/s for the covered landfill surfaces and it wasniduhat landfill gas odour

and tipface odour had “distinct” odour intensityaatodour concentration of 1.4 OU and 1.0 OU,

respectively. Methyl-mercaptan, ethylbenzene, hgdnosulphide and dimethyl-sulphide were
found to be the primary odorants (Bowly 2003).

Surface emission investigations have been undertaketwo MSW landfills in France

(Taraminiet al. 2003). This study visualizes methane flux cartphyaof two different sites for

different types of cover (Fig. 1.4). High flux ldeans were identified: sides, slopes, local

heterogeneities (wells and edges) and discontasuiti the capping system.

Zone 1 = Slope with 0.5 m of clay cover
Zone 2 = Slope with clay and geomembrane cover
Zone 3 = Slope with a soil layer

Zone 4 = Flat area with a fine soil layer
Zone 5 = Slope with soil layer

METHANE FLLIX

Sike S oo

entrance

Fig. 1.4.Linear interpolation results and peak locationmethane emissions (Taramétial. 2003)
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A linear interpolation of measurements for the whgite shows that emissions are
localised on the slopes, at the end of the LFGectbn system, on the edge due to the “edge

effect”, and on the limits separating two differeovers (Taramingt al. 2003).

Table 1.3.Emissions of the different capping systems (Tanagtial. 2003)

Areas CH, emission in m/h/ha Collection rates
Slope with clay 61 (no liner influence) 0.78
Slope with clay and liner 28 0.90
Slope with a fine soil layer 85 0.69
Plateau with a fine soil layer 75 0.73

Collection rate for each cover type (Table 1.3Yii§icult to determine because of the
different waste ages, LFG collection system efficies and covers thickness (Taranehial.
2003). Nevertheless the assessment of methanei@nsiserough cover with different methods
was possible.

H,S production from landfill with and without addedlghur from plasterboard, the
influence of water content in the waste and theatffeness of different reactive layers to
remove HS have been studied (Haarsttdal. 2003). The lab experiments were conducted in
30 | plastic containers with controlled water levEhe organic waste produced3in the order
of 40 ppm over a period of 80 days. When plastatboas added, the ;8 production with a
high water level increased to 800 ppm and with lMater content to about 100 ppm. The
experiments show that,B production is significantly increased if the veas rich in sulphate
under water saturation.

Odorous compounds from a landfill have been charsetd by gas chromatography —
mass spectrometry, identifying about 100 volatiganic compounds (Davadt al. 2003). Since
the perception levels of the human nose are ofeey low, at ppt level, analytical techniques are
not sensitive enough to ensure direct detectiaalohalodour compounds at such levels (Young
and Parker 1983). As a consequence, a precongentsiep is required. Among the methods
available for trace enrichment from air sampledidgahase microextraction (SPME) is a fast,
inexpensive, and solvent free sample preparatidmique (Martos and Pawliszyn 1997).

Air samples coming from the most significant emasssources of the landfill have been
analysed by GC-MS after SPME preconcentration, tedchromatographic data have been
submitted to chemometric analysis in order to idespecific markers of the emission sources.
Fig. 1.5 shows the total ion chromatogram for l&#hdards chosen as representative of VOC

emissions from MSW landfill.
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Fig. 1.5.Chromatogram obtained for 13 VOC standards atémeentration of 50 ppt: A - dimethyl
disulfide; B - toluene; C - 2-hexanone; D - ethytdmoate; E - butanoic acid; F - internal standard;
G - hexanal; H - trichloroethylene; bi-pinene; L - ethyl hexanoate; M - hexanoic acid;IMhonene;
O -a-terpinene (Davolet al.2003)

The automation of sampling and analysing procedwas realised with a microgas
chromatograph (UGC Agilent P200). The peak arealtis. time obtained for all the identified
compounds is shown in Fig. 1.6. For the most abnindaes, limonene, toluene, p-cymene,
pinene, and xylenes, a quantitative determinatiaa garried out to estimate their concentrations
(Davoli et al.2003).
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Fig. 1.6.Peak area trend vs. time for the compounds detdgtéhe on-site system (Daveli al. 2003)
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However, instrumental characterisation of environtak odour annoyance is still an
open field not only because of the complex relatmn between odorants and individual odour
perception, but also because of the instrumentatdtions, such as inability to detect reactive
inorganic gases, sensitivity problems, total numifecompounds and degradation in the wind
plume (Davoliet al. 2003).

The composition of odorous gases emitted from aiompal landfill in Turkey was
investigated using gas chromatography — mass speetry (Dinceret al. 2006). Several
volatile organic compounds were identified and qifi@d at five sampling sites in May and
September 2005 (Fig. 1.7).
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Fig. 1.7.Seasonal variations of concentrations (Direteal. 2006)

Detected VOCs were monoaromatics (0.09-47.42 fjg/ralogenated compounds
(0.001-62.91 pg/f), aldehydes (0.01-38.55 pghn esters (0.01-7.54 pghn ketones (0.03-
67.60 pg/m), sulfur/nitrogen containing compounds (0.03-5.@#nT), and volatile fatty acids
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(0.05-43.71 pg/r). High levels of aldehydes (propanal up tc¢.55ug/m®) and VFAs (formic

acid up to 43.71 pg/fhwere measured in May. However, VOC concentrativaee relzively
low in September (Dinceat al. 2006).
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Fig. 1.8.Variations of odur and total VOC concentratiofBinceret al. 2006)

A statistically significant linear relationship wésund between owr concentrations
determined by olfactometry and total V' concentrations (Fig. 1.8Yhe relationships of owur
concentrations with the different groups of chensiegere also examined and it was found
the concentrations of aldehydes, ketones, andseaterthe best estimators, explainin(% of
the variability in odouconcentratior (Dinceret al. 2006).

Gaseous emissions from a landiin the Athens areavere studied (Loizidou ar
Kapetanious 1991; Parket al 2002). Mercaptans (organosulphur compounds) wetedrnaver
the odour limit at the site boundary. Odour thréd¢ (Table 1.4)or possible trace componer
in landfill gas were reported by Ruth (19¢

The Jerubdiai landfill in Lithuania was selecteor the investigation of ,S emissions
(Vasarewtius 2011). It was determined that the amounts ,S varied from 0. ppm (in
February) to 8.%pm (in August) in different places of the landfillhe largest amounts of,S
were identified in the areas oeshly-tipped waste. $ formation is influenced by aerobic &
anaerobic conditions (Zdeet al. 2008). HS generation in the top layer of waste is ma

influenced by air temperatu
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Table 1.4.Human detection limits of odorous gases associaiddandfills (Ruth 1986)

Detection Limits Boiling

Compounds Formula Od(_)ur_ 3 Point Mol_ecular
(Description) | (ug/m’) (ppby) °C) Weight (g)
Sulphur Compounds
Hydrogen H2S Rotten eggs 0.7 0.5 -60.7 34.1
sulphide
Carbon disulfide | CS2 Disagreeable, |, , 7.7 46.3 76.1
sweet
Dimethyl sulphide| CH3-S-CH3 Rotten cabbage 2.5 1.0 37.3 62.1
g'mthy' (CH3)2S2 Rotten cabbage 0.1 0026  109|7 94.2
isulfide
Dimethyl (CH3)2S3 Rotten cabbage 6.2 1.2 165/0 126.2
trisulfide
Methyl mercaptan| (CH3)SH Rotten cabbage 0.04 002 .2 6 48.1
Ethyl mercaptan CH3CH2-SH Rotten cabbage 0.082 0.01 35.0 62.1
Allyl mercaptan CH2=CH-CH2-SH Garlic coffee 0.2 0.1 NA 74.15
Propyl mercaptan| CH3-CH2-CH2-SH Unpleasant 0.4 0.1 NA 76.16
Amyl mercaptan CH3-(CH2)3-CH2-SH Putrid 0.1 0.02 NA  104.22
Benzyl mercaptan C6H5CH2-SH Unpleasant 1.6 0.3 NA 2421
Thiophenol C6H5SH Putrid garlic 1.2 0.3 NA 110.18
Sulphur dioxide SO2 Irritating 1175.Q 449.3 NA 64.0
Carbon o cos Pungent NA NA | -50.2 60.1
oxysulphide
Nitrogen Compounds
Ammonia NH3 Pungent, sharp 26.6 38.3 -334 17.0
Aminomethane (CH3)NH2 Fishy, pungent 25.2 19.% -6.3 31.6
Dimethylamine (CH3)2NH Fishy, amine 84.6 46.0 7.4 5.14
Trimethylamine (CH3)3N Fishy, pungen 0.1 0.046 2.9 59.1
Skatole COHAC(CH3)CHNH | -&ces: 0.00004 | 0.00001]  265.0 131.1
chocolate
Volatile Fatty Acids
Formic HCOOH Biting 45.0 24.0 100.5 46.0
Acetic CH3COOH Vinegar 2500.0 1019.1 118.0 60.1
Propionic CH3CH2COOH Rancid, 84.0 27.8 141.0 74.1
pungent
Butyric CH3(CH2)2COOH Rancid 1.0 0.3 164.( 88.1
Valeric CH3(CH2)3COOH Unpleasant 2.6 0.6 1870 102.
Ketones
Acetone CH3COCHS3 Sweet, minty 1100.0 463.9 56.2 158.
Butanone CH3COCH2CH3 Sweet, minty 737.0 250/4 7916 72.1
2-pentanone CH3COCH2CH2CH3 Sweet 28000.0 796f.5 .0102 86.1
Acetaldehyde CH3CHO Green sweet 0.2 0.1 208 44.1
Methanol CH3OH Alcohol 13000.( 9953.1 NA 32.0
Ethanol CH3CH20H Alcohol 342.0 342.0 NA 60.0
Phenol C6H50H Medicinal 178.0 46.0 181.8 94.1

The presence of odour in the landfill depends onAM&mposition, MSW putrescence
and biogas production (Scaglia and Adani 2008). @haerobic biodegradation of MSW
determines the formation of odorous molecules (apens, thiophenols, thioalcohols, thioacids,
and aliphatic amines) that during the biogas prtodocare emitted. The odour concentration

depends on the landfill's age and microbial popoiet (Young and Parker 1984).
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1.2. LANDFILL COVERS IN TERMS OF ODOUR REDUCTION

The use of natural materials in landfill coversutesin high costs and strain on the
environment through the exploitation (Traedral. 2005).

An option may be to use secondary construction madgesuch as ashes, bed sand and
sludge (Travaet al. 2005). Results of the first year monitoring of find-scale landfill cover
built from secondary construction materials illagér how the construction materials impact on
the quality of infiltrating water as it passes tigh the layers of the cap. Both leachate and
drainage water need treatment before dischargethiettocal recipient. Nitrogen is identified as
one of the major pollutants in both leachate angindige water. The drainage water also
contained elevated concentrations of Cu, Ni andCth. Cu, As and Ni are the most important
pollutants in the leachate that has passed thrdlyglash, while Cd and Cu are the main
pollutants in the leachate that has passed theursixtf bottom ash and clay.

A complex series of biological and chemical reawtibegin with the burial of MSW in a
landfill (Benavides and Craik 2003). The effects folir different soils on the anaerobic
degradation of municipal solid waste and the dgwelent of methanogenesis were tested. Four
soils (a clay-loam, an organic rich peat, a wetldd sandy soil and a chalky soil) were used. The
incorporation of soil into MSW had a significanfesft on buffer capacity. Over the acidic range
buffer capacities of the mixtures were much gretltan values measured for MSW and soils
separately. Results show that, in terms of pH, dyufbpacity, VFA turnover, the inclusion of
peat and chalky soil has a significant effect tahrarogenesis from MSW.

Lab-scale tests were set up at the IMAGE Departnoérine University of Padua to
investigate the effectiveness of different kinddaofdfill cover soil in the removal of methane
and sulphurated compounds from a biogas streams(@bsal. 2003). The following materials
considered as possible landfill cover soil were leygd: mechanical-biological pretreated
municipal solid waste (MBP); mechanical-biologipaétreated biowaste (PB); fine (PB&nd
coarse (PBg mechanical-biological pretreated biowaste andagmasludge mixtures; natural
soil usually used as landfill cover (NS).

The maximum methane oxidation rate was observeM&iP (Table 1.5). Similar results
were obtained for PB and PBNatural soil showed lower oxidation rate. Hydnogailphide
was completely adsorbed by activated carbon merabrakctivated carbon membranes do not
influence the methane oxidation process. Carbomphsde and ethyl mercaptan, present in the
biogas in concentrations up to 0.7 ppm resultecetatvan instrumental limits (0.01 ppm). The
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same happened for the isopropyl mercaptan, prdagettie biogas in concentrations up to
4.7 ppm and instrumental limit (0.1 ppm). Probahlgy are absorbed by filling materials (Cossu
et al.2003).

Table 1.5.Minimum, maximum and mean methane oxidation raj€s/m’/h (Cosstet al. 2003)

. Minimum oxidation Maximum oxidation L
Material Mean oxidation rate
rate rate
MBP 6.9 17.4 10.3
PB 57 13.7 9.5
PBS 0.9 8.1 3.6
PBS. 2.7 14.3 8.8
NS 41 8.9 6.7

The adsorption characteristics of3Hon waste biocover soil, an alternative landbNer,
were investigated (Het al. 2010). The results showed that the adsorption aiypaf H,S
increased with the reduction of particle size,itteeease of pH value and water content of waste
biocover soil. The optimal composition of wastedmeer soil, in regard to operation cost and
H,S removal performance, was original pH value, watantent of 40 % and particle size of

<4 mm.

80

Adsorption capacity (mg'kg)

Waste biocover soil Mulberry soil Landfill cover sod Sand sodl

Fig. 1.9.The adsorption capacity of,8 on different soils (Het al.2010)

The adsorption capacity of,H on waste biocover soil with optimal compositieached
the maximum value of 59.6+1.3 mg/kg at oxygen catregion of 10 % (Heet al. 2010).
Among the four experimental soils, the highest galson capacity of KIS was observed on
waste biocover soil, followed by landfill cover kanulberry soil, and sand soil, which was only

9.8 % of that of waste biocover soil (Fig. 1.9).
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The suitability of construction and demolition fje&commercial and industrial fines and
wood chip as potential landfill cover materialstémms of odour control was assessed (Setan
al. 2010). Background odour analysis was conductedetermine if any residual odour was
emitted from the cover types. The odour reductieriggmance of each of the materials was also
examined on an area of an active landfill site. Theckground odour emissions from
construction and demolition fines, commercial amdlustrial fines and wood chip were
considered negligible, even when moisture contead varied. Results indicate that the 200 mm
deep layer of construction and demolition fines @wadd chip is adequate for odour abatement.

The attenuation potential of methane and selectggtile organic compounds of four
types of compost materials were compared in dyndafioratory column experiments over a
period of 255 days (Scheutt al. 2005). The column containing compost made of gawiaste
mixed with wood chips showed the highest steadte steethane oxidation rate of 161 §/ch
All the tested VOCs were degraded. Overall the ésgjilmemoval of VOCs was observed in the
column containing the compost/wood chips mixturlisTstudy demonstrates that biocovers
consisting of compost materials have a potentiahtténuation of trace gas emissions from
landfill sites.

The ability of municipal waste compost as a dadyer material to reduce the odorous
emissions associated with landfill surfaces wasstigated (Hurset al. 2005). Gas samples
were taken from the inlet, outlet and at varyinduomn depths and examined using a
combination of sensory analysis (olfactometry) andovel analytical method (Transportable
Selected lon Flow Tube — TSIFT). Results of thalg¢rusing landfill gas showed a 69 % odour
reduction through the column for compost with akbdensity of 590 kg/fy and a 97 %
reduction using compost with a bulk density of kg0m®. TSIFT analysis showed an overall
decrease in the concentration of terpenes and wuaps compounds in the outlet gas from the
column for both bulk densities.

The feasibility of immobilizing methane oxidizingatteria into a tarp-like matrix for
alternative daily cover at open landfill cells teepent methane emissions was assessed (Hilger
et al. 2009). Prototype biotarps made with geotextiles @dsorbed methane oxidizing bacteria
were tested for their responses to temperature;nnittent starvation, and washing (to simulate
rainfall). While laboratory landfill simulations etved that four-layer composite biotarps made
with two different types of geotextile could remawe to 50 % of influent methane introduced at
a flux rate of 22 g/fid, field experiments did not yield high activigvels.

An innovative synthetic paste of waste tire chipgl paper sludge was developed for

landfill daily cover applications. The engineeripgoperties and behaviours of the proposed
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paste were studied through a series of labora&stg.t When compared to traditional soil covers,
the paste was 2-3 times lighter in weight, at le#ast orders of magnitude more impermeable
and comparable in shear resistance. An optimalgotiom of tire chips in the paste is about
55 %. The environmental benefits of the paste wadgmonstrated using column tests. An
equilibrium deterministic transport model was ugedfit the transport parameters from the
breakthrough curves of Pb. Analysis of the efflusmcentrations displayed retardation effect in
all cases, with fitted retardation factors fromQlé 59.0 (Wai 2008).

Odour control performance can be quantified via A%TM E679 procedure (Kittle
1993). In conjunction with the EPA Flux Chamber Arealogy, the ASTM technique can yield
information on both odour control as well as tatah-methane hydrocarbon control. These two
testing procedures have been used to quantify odadr non-methane hydrocarbon control
performance for Rusmar long duration foam, conwevai soil cover, and three commonly used

tarpaulins/geotextiles (Table 1.6).

Table 1.6.0dour and hydrocarbon emission control for varidleC materials (Kittle 1993)

Measurement Timing

Cover Material Immediately Next Day

Odour, % NMHC, % Odour, % NMHC, %
Rusmar Foam
(15 cm) 98 100 99 100
Soil (23 cm) 99 93 99 93
Griffolyn 99 100 99 98
Air Space Saver 100 100 99 98
Fabrisoll 82 0 82 0

All alternate daily cover materials claim to comtwdours; however, some vendors do not
have evidence to support the claim (Kittle 1993).

The ability of M1 steel, a by-product from shreddieds, iron rich soil, wood mulch, and
compost to attenuate odour of landfill gas was stigated (Anunsen 2007). The most efficient
filter design observed for reducing.$l was the open filter. Results indicate that amegeb-
gallon bucket filled with rusted M1 steel couldesiate 43 grams of sulfur. Red soil, wood
mulch, and compost are materials that are appttepfa@ interim covers for landfill slopes.
Interim covers are eventually covered with moré aod a geomembrane liner for final closure.
It was observed that red soil has great potergieg¢duce HS in landfill covers.

Alternative final covers evaluated for the Lebeodfdl included evapotranspirative,
geomembrane, geosynthetic clay liner, and aspkaleat concrete configurations (Kavazanjian

and Dobrowolski 2003). These configurations werauated with respect to short and long term
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performance, compatibility with the post-closure,uggulatory and community acceptance, and
cost. The Lebec landfill is located about 20 kmtimnaf Los Angeles.

VEGETATED SOIL
k=313x 10" cvfs

1.2m

Fig. 1.10.Evapotranspirative final cover (Kavazanjian andwvolski 2003)

GEOMEMBRANE

,_?-/ ... COMPACTED

Fig. 1.11.Exposed geomembrane cover (Kavazanjian and Dolis&in2003)
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GEQCOMPOSITE
GEOSYNTHETIC
CLAY LINER

Fig. 1.12.Geosynthetic clay liner cover (Kavazanjian and idalwlski 2003)

FABRIC
INTERLAYER
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Fig. 1.13.Asphalt cement concrete cover (Kavazanjian and®@eblski 2003)

Though an evapotranspirative final cover (Fig. Y.¢0nstructed using on-site borrow
soil was the most cost effective option, it was aoegtable based upon regulatory approval
considerations. Community acceptance concerns aueesthetic considerations ruled out an
exposed geomembrane final cover (Fig. 1.11). Theeef the geosynthetic clay liner
configuration (Fig. 1.12) was employed over mostha landfill. However, an asphalt cement
concrete cover (Fig. 1.13) was employed in areagydated for transfer station operations in the
post-closure period (Kavazanjian and DobrowolskKi30

ET covers are also known as store and release s;ovegetative covers, sponge and
pump covers, alternative final covers, alternatiueal earthen covers, and other names
(Evapotranspiration... 2010). They include variousibmations of earthen materials and plants,

and generally can be categorized into the follovdager types:
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e Monolithic (Fig. 1.14): any precipitation water sgored in a layer of soil and later
removed through evapotranspiration.

e Capillary break (Fig. 1.15): this cover uses a tager system to increase the water
storage capacity of the cover. A capillary breakorsned by two layers — a layer of fine
soil over a layer of coarser material (e.g. sangravel). Capillary force causes the layer
of fine soil overlying the coarser material to hottbre water than if there were no
change in particle size between the layers.

e Dry barrier: the dry barrier cover uses wind-drivarflow through the layer of coarse

material to remove water from a storage layer.

«— \egetation

Fine-grained Layer

Interim Cover

=+ Waste

Fig. 1.14.Design of a monolithic barrier ET final cover (fpedranspiration... 2003)

Vegetation

Fine-grained Laver

Coarse-grained Layer
+— |nterim Cover

+——'Waste

Fig. 1.15.Design of a capillary barrier ET final cover (Eeaqanspiration... 2003)

Capillary barriers for landfills and waste dumps an alternative to conventional surface
sealing systems (Wawra and Holfelder 2003). A layfecoarse material beneath the top cover
layer is needed for gas distribution. The sealifigce is based on the principal of unsaturated
flow and permeability for gas. The influence of hgdlic stress variations on the gas
permeability and gas distribution capacity of dapyl barriers has been investigated in
laboratory tests and supplementing numerical sitaula (Fig. 1.16). The model TOUGH2 has
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been used as numerical simulator for flow of moltiponent and multiphase fluids in porous

media, to investigate the flow processes in théleapbarrier and the top cover layer.
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Fig. 1.16.Simulated distribution of vertical gas flow thrduthe cover layer (Wawra and Holfelder 2003)

Independent of the hydraulic stress (scenario Aw hydraulic stress in the capillary
layer, and B — high hydraulic stress in the capillayer) of the capillary layer there is a well
distributed vertical flux at the bottom of the topver layer. Gas flow within the landfill covers
are strongly depending on their soil propertiesshAswn in scenario C (preferential pathway in
the top cover) a macro pore in the top cover lageises a concentration of gas flow, which may
lead to a hot spot and an inefficient methane dxadgWawra and Holfelder 2003).

Capillary barriers are a suitable sealing systermoimbination with a top cover layer for
methane oxidation. No extra gas distribution féiesi are required.

Evapotranspirative final covers offer environmelytalperior, cost effective alternatives
to prescriptive barrier layer final covers for meipal solid waste landfills in arid and semi-arid
climates (Hadj-Hamou and Kavazanjian 2003). Watalarce analyses demonstrate that a
properly configured ET cover can provide superesistance to percolation of surface water into
the waste compared to prescriptive barrier layeesr An ET cover is also more resistant to
cracking due to differential settlement and degiooaand less likely to induce gas migration
problems than a prescriptive cover. Evaluationh& measured moisture contents show that,
generally, there is less than 5 percent changleeimalative volumetric moisture content near the
bottom of the evapotranspirative soil cover comgai@ nearly 90 percent near the surface,
suggesting that most of the water infiltrating intee cover is removed by evaporation and

transpiration and does not percolate through thercmto the waste.

Department of Environmental Protection
Tadas Bataviius 30



Master thesis

The successful landscape integration of a landétherally begins with the agronomic
restoration of the local topsoil used on site (Mdet al. 2003). The objective is to provide to
the plants all the nutritive and structural elersenécessary to their good development. The
Environment, Energy and Waste Research Center urasm experimental program aimed at
using green and MSW compost as a topsoil on twadfréandfills in order to test growing
media. The two case studies have been monitoretiifee years and a comparison between all
the created growing media was assessed. The addit20 % to 40 % volume of green compost
to the local sandy soil increases its stability,dtganic content (from 1 % to 3-4 % dry matter)
and its fertiliser content. The incorporation ohygmost does not disturb the composition of the
gas phase of the growing media and does not hayeirdluence on the conditions of
development of the plants’ root system.

Different ashes were tested in the laboratory akorekin various combinations with clay
minerals (Thanet al. 2003). Based on this, a selection of lining migguhave been proposed
and tested on a 4 ha large testing area at theaTaedfill in Sweden. The landfill cover
construction also included various waste matenal®ther functions. The Tveta landfill is
situated approximately 50 kilometres south-wesstoickholm. The composition of the layers in
the cover system is shown in Fig. 1.17. The thisknef the layers and the materials used are

given in Table 1.7.

f.0 "o+ Vegetation layer

Protection layer

Geotextile
Drainage layer
= Geotextile

- Liner
e e e e e e e SRR
W% e W RNk st et e g Bk A% s &t Foungafion and
S AT AT Rt L S T G T AT, T T S T gasdrainage

Fig. 1.17.Layer composition for the ash based cover systdrarfiet al. 2003)

Ashes and a variety of other waste materials cdaenpially be used in landfill cover
systems (Thanet al. 2003). Both bottom ash and fly ash can functiotirees materials under
certain conditions. The chemical interaction of enals and the resilience to differential
settlement are among the most critical factors watjard to the long term integrity of the liners

and the overall function of the capping system.
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Table 1.7.Thickness of the layers in the cover system anmads used (Tharat al.2003)

Layer Thickness Materials used

Vegetation layer 0.3m Compost, treated soill
Sewage sludge, foundry sand,

Protection layer >1.5m crushed and sieved slag, wood
chips

Geotextile 0.2 mm Geotextile

Drainage layer 0.3-05m Bottom ash (non-capillary),
broken glass, gravel

Liner ~1.0m Fly ash, bottom ash mixed
with clay

Foundation layer >0.3m Bottqm ash (without fine
fraction)

Landfills in Texas have the potential to consumdiomis of pounds of tire shreds by
spreading a layer of tire shreds over the facgityaste (Using ... 1999). Tire shreds can also be
used as part of the leachate collection systerarraitive of protective cover over landfill liner,
in the primary drainage layer for a liner systemthe drainage layer within final cover system,
and media within landfill gas vents.

Research was performed to evaluate the performahocerious cover materials as
control measures for43 emissions from C&D debris landfills (Plagial. 2007). Five different
cover materials were placed on top of the wastédensaboratory-scale simulated landfill
columns: (1) sandy soil, (2) sandy soil amended Wwihe, (3) clayey soil, (4) fine concrete
(particle size less than 2.5 cm), and (5) coarserebe (particle size greater than 2.5 cnpSH
concentrations measured from the middle of the eviaster ranged from 50000 to 150000 ppm.
The sandy soil amended with lime and the fine cetecwere the most effective for the control
of H,S emissions. Both materials exhibited reductioiciefficies greater than 99 %. The coarse
concrete was found to be the least efficient maltes a result of its large particle size.

Sand, gravel, wood-pulp with polymers, constructimal demolition debris are the most
widely used daily cover materials in Lithuaniandéls (Dumpiy... 2007).

Emissions of the hydrogen sulphide whose odousstiulel equals 0.012-0.03 mgimare
reduced with the help of crushed wood bark (Zignemdtand Zuokai 2010). HS emissions
from compost mixed with bark are lower than thasenfcompost covered with bark.

Where biodegradable waste is layered using expacidgdmethane emissions are lower
compared to pure waste (Béliaset al. 2005). The amount of oxygen decreases slowly aad t
concentrations of generating ¢fall due to air spaces.
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1.3. ODOUR EVALUATION TECHNIQUES

The human perception of odours consists of mora foat “smell”, it represents a
complex series of psychological and physiologicegponses to the quality of the odorant
detected (Kehoet al. 1996).

Controlling odours from landfill sites has become Bnportant regulatory issue,
requiring accurate and reproducible sampling andsmement (Nicolast al. 2006). But the
monitoring of the odour annoyance generated bynafilh area is difficult. Many authors
mention that the main landfill odour problem is sad by the handling of fresh waste (Karnik
and Parry 2001; Stretatt al. 2001). As this is an intermittent activity, thergding of the gas
that is emitted at the landfill working face is fpaularly problematic.

Two kinds of approach are available for odour detec the analytical methods
(chemical analysis, electronic nose) and the salsmethod of olfactometry which measures
the human odour perception (Odorietial. 2003). The application of olfactometry to asséss t
odour impact of waste treatment plants showeditheds possible to estimate the total emission
rate in terms of odour concentration (Table 1.§regsed as odour unit per hour (OU/h) and to
use this value as input for the dispersion modghdied to estimate the environmental impact on

the considered area.

Table 1.8.Results of the olfactometric analysis and emissab@a calculation (Odorizat al.2003)

Emission source Velocity of odour | Odour concentration Emission rate
emission (m/s) (OU/Nm®) (OU-10/h)
Biogas collector 1 0.13 >735.738 >43
Biogas collector 2 0.13 >717.871 >3.8
MSW storage 1050
platform 0.13 994 2.4
60
Packed waste 45
platform 0.13 76 0.03
63

The dispersion model of odour emissions in orogialy and meteorologically very
complex Trento-North area can be useful to thaza@bn of similar models for other provincial
or extra-provincial areas (Odorizzi al. 2003).

The emissions of bulk and trace gases from lasdéittated either directly from waste
decomposition or from the combustion of landfilsgduring flaring and/or gas utilisation, have
the potential to impact the global atmosphere, ltdoal environment and expose humans to
potential health risks (Gregomt al. 2003). GasSim has been developed for the Envirabhme
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Agency of England and Wales as a risk assessmelniotaid in the evaluation of these impacts,
and help landfill operators comply with the newuledions and guidance.

GasSim considers the uncertainty in input pararaaismg a Monte Carlo Simulation.
Parameter uncertainty allows specifying a rangeaties for each input parameter rather than a
single number, using probability density functiof®DFs). GasSim is divided into 5 main
modules (Fig. 1.18):

e gas generation (the source term);

e gas emissions (fugitive surface and lateral emissand combustion plant emissions);
e environmental transport through atmospheric dispeys

e environmental transport through terrestrial latenajration;

e human exposure and other environmental impacts.

Worker Risk

Residential With

Infiltration Plant Uptake

VEDEtaionIStese & | | Esudential Without
g i o S Plant.Uptal

Fig. 1.18.The GasSim conceptual model (Gregeryal.2003)

The impact of odour can be assessed in three wagesgéryet al. 2003). The first
determines the point at which the concentratioarobdorous trace gas component falls below
its odour threshold value. The second method sim@silthe emissions of European odour units
(OUg) from the site. Thirdly, GasSim allows the simidatof measured OtJfrom various parts
of the site, including uncapped, capped and diedesttures.
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The verification trials have demonstrated that @esSim model produces results that
agree with other models, namely LandGem and theatemns used in HELGA framework
(Gregoryet al.2003).

The understanding of landfill odour emissions, Whiave difficult sources to measure
compared to other industrial odours, requires assest using appropriate techniques and

procedures (Bowly 2003). The techniques and theoresafor the choice are shown in Table 1.9.

Table 1.9.Assessment tools and reasons for use (Bowly 2003)

Tool Reason

To determine emission rates and obtain odour

Olfactometry intensity data

To identify the chemicals responsible for the
Chemical analysis odours by comparing the chemicals to their
individual odour threshold

To provide a predictive tool for assessing
Artificial neural networking odour concentrations based on chemical
concentrations

One issue of odour impact assessment (OIA) is etaionship between chemicals and
odours (Bowly 2003). A receptor, for example adest near an industrial odour source, may
complain of a low concentration odour. Current dafion of the low concentration odour
received by the complainant is usually by subjectassessment of a single authorised
government representative. This validation techmigquay be considered inconsistent or
imprecise, depending on the representative(s) weebl Artificial neural networks (ANN) were
used to predict odour concentrations based on 7€ \dOncentrations in Australia. Odour
concentrations were predicted within 50 % of thmuinodour concentration.

The electronic nose, inspired by physiology, repoes the human olfactory process of
sniffing, receiving and recognizing of odorant nwikes, exploiting the reactivity of chemical
sensors and the computational abilities of modemsgnal computer (Bonadit al. 2003; Nicolas
et al. 2007). The use of an electronic nose in environtedex@our recognition is in the phase of
development of suitable instrumentation and dategssing software, in order to discriminate
between various odours directly in the field andronitor them continuously. Artificial neural
networks have been used to analyze complex dataantdined with gas sensor array.

The tests conducted in the field with electronisentead to very promising results. The
instrument allows the identification of the biogadour and it is able to monitor biogas

continuously (Bonolet al. 2003).
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Olfactometry employs a panel of human assessocbdmacterise the odour in terms of
their perceived effect and is the usual method Mf@asuring odours (Karnikt al. 2003).
Although this methodology can now be based on afaan odour standard, EN 17325, it is
strongly influenced by subjectivity and disadvaem@f time and cost, but can be quicker and
cheaper than GC-MS. Spectrometry is often used&vacterise odour samples chemically. In
many cases, a particular odorant may be dominashtcan give an indication of the overall
odour concentration.

The development of sensor array technology (sceddlelectronic nose”) for odour
classification may offer an objective and on-lingtrument for assessing environmental odours
(Karnik et al. 2003; Capellet al. 2008). Typically an electronic nose consists oé¢helements:

a sensor array which is exposed to the volatilesyersion of the sensor signals to a readable
format, and software analysis of the data to predtiaracteristic outputs related to the odours
encountered. The output from the sensor array reapterpreted via a variety of methods such
as pattern recognition algorithms, principal comgrgranalysis, discriminant function analysis,

cluster analysis and artificial neural networksligcriminate between samples.

Software techniques and material science are irapbéaspects of the development of the
instrumentation and the technology is still undevelopment for applications in environmental
odour measurement. A big problem is that the setestmology available is not yet as sensitive
to unpleasant odours as the human nose, and sdlifficult to correlate sensor responses with
olfactometric odour measurements (Kareilal. 2003).

To be usable for the real-time odour monitoring, &hectronic nose has to deal with the
lack of long term stability of chemical sensors i{f®on and Nicolas 2010). The instrument has
to automatically compensate the time drift anditifirence of ambient air parameters such as
temperature or humidity. The chemical sensors atgr time and therefore they produce
different responses for the same odour. Two idehtsensors with the same history have
different time stability. The sensor signals caift diuring the learning phase too.

Another frequent problem associated with long testiaoility is the sensor failure or
irreversible sensor poisoning (Romain and Nicol@. (. Sensor replacement is generally
required to address such issue, but the previditzaig@d model is no longer applicable for the
same odorous emissions. The replacement of anrdido&ken sensor by a new one corresponds
to having a new electronic nose that requires nemdals of classification and quantification
(e.g. signal pre-processing, univariate sensoectian and multivariate array correction).

Operating municipal solid waste landfills sited Italy were monitored (Sironet al.

2003; Sironiet al. 2005). The odour emission rate of every relevauo source was monitored
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in order to establish the overall odour emissiote raf the landfill. Then an atmospheric
dispersion model was applied to quantitatively ssdbe odour impact of the landfill on the
population living in the surroundings.

Fig. 1.19 gives the sum of the OERSs of all odowrses of the landfill, as a function of
time, according to the variability of the SOER wite season and to the amount of waste
disposed on each parcel. It depicts the relativerdmtion of each source to the total odour
emission rate.

Surface emissions from closed parcels covered dyitlal cap (i.e. parcels 1A, 2A, 2B,
3A) are much lower than emissions from operatingcgla (i.e. parcels 2C, 1C, 1B, S2A),
especially in summer. Surface emissions from opwygtarcels are much stronger in summer
than in the other seasons. This is due to the hi§¥R of partially and totally covered waste in

summer (Sironet al. 2003).

D parcel 34
Bparcel 324
Hparcel 28
Mparcs] 24
Hparc=l 14
Oparcel 18
Bparcs! 1C
Oparcsl 2C
B landfill gas

Total odour emission rate (ouls)
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Fig. 1.19.0verall landfill odour emission rate (Siraatial. 2003)

In this study the CALPUFF dispersion model was eypdl. Fig. 1.20 shows the
isopleths of the odour perception frequency (ORR}) an exceedance level of 1 OU/Sironi
et al.2003).
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Fig. 1.20.I1sopleths of the odour perception frequency (Siebral. 2003)

The thickest contour indicates the region exceedimgy OPF of 0.10 (i.e. the 90
percentile), prescribed by the German directive tlie maximum value for residential
settlements. CALPUFF computes ground level conaéotrs in each hour of the simulation
period, so we can easily find the hours of the dayhe seasons when a control on the OERs
give the best reduction of the OPFs and improveaihquality (Sironiet al. 2003).

The total OERs of landfills A and B, their OEFsated to the landfill surface, and the

percentage contributions of each odour source to lbadfills’ total OER are illustrated in Fig.
1.21 (Sironiet al. 2005).

Landfill A Landfill B
OER: 270,000 ouz s~ OER: 8,100,000 oug s™
E E
OEF: 6.0 oug s~ m™ OEF: 5.1 ougs™' m™
Freshly . Frashly
lipped waste y tipped waste
Active 7.a% Active
landfill landiil
parcel parcel
Exhausted A48 ,6% Exhausted 18.3%
parcals parcels
47,3% 74.4%

Fig. 1.21.Total OER, percentage contribution of single odmaurce and OEF (Siroet al. 2005)
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Results show that freshly tipped waste does naesemt a particularly relevant odour

source in a landfill, as its percentage contributio the landfill total OER is less than 10 %
(Sironiet al.2005).

The primary technical issue associated with the@etranspirative final cover (Fig. 1.10)

is equivalence to the conventional final cover (Fig22) with respect to infiltration (i.e.

groundwater protection). A water balance evaluatiere conducted using an unsaturated flow

model UNSAT-H to evaluate the infiltration perfornc@ of the evapotranspirative final cover

compared to that of the conventional final coveg. B.23 presents the cumulative amount of

water that percolates through these final covesrmdttives for the 10-year modelling period

(Kavazanjian and Dobrowolski 2003; Hadj-Hamou aray&zanjian 2003).
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Fig. 1.22.Conventional final cover (Kavazanjian and DobraskoP003)
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Fig. 1.23.Infiltration performance of evapotranspirative ahventional covers (Kavazanjian and

Dobrowolski 2003)
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The modelling indicates that both 1.2 m and 1.8vapetranspirative final covers are
more effective than the conventional cover and thia@ performance of the 1.8m
evapotranspirative cover is only slightly supetiorthat of the 1.2 m evapotranspirative cover
(Kavazanjian and Dobrowolski 2003; Hadj-Hamou am¥#&zanjian 2003).

The results of the chemical analyses, which ardulide determine the chemical
composition of odours, show no correlation with tidour concentration values measured by
dynamic olfactometry (Capelkt al. 2008). Olfactometric analyses enable to measupairod
concentration and quantify the sensory impact ajuosl Finally, the continuous ambient air
monitoring by electronic nose allows quantifyingetime percentage in which odours are
detected at the landfill boundaries and at a recept

A micrometeorological model has been developeddasethe estimation of footprints
of scalar odour concentration measurements intthespheric surface layer (Sarkar and Hobbs
2003). The model is based on an analytical solutictme Eulerian advection-diffusion equation
for vertical diffusion. Lindvall hoods are commonised for measuring odour fluxes from
ground based fugitive sources. Lindvall hoods amggble flux chambers with an induced-draft
fan-hose connection. Typical results show an awecatpur flux of +25.91 OU/ffs from freshly
tipped wastes for an upwind fetch of 45.0 m andhwlite sensor at a height of 1.5 m from the
ground. The overall accuracy and precision of Lalblkood measurements depend on the biases
and variability associated with the emission soutbe sampling method and the analytical
methods for analysing the odour samples.

Dispersion modelling was used to quantify the pmééndour strength causing an impact
on the community around a MSW landfill site in Noittondon (Sarkaet al. 2003). The case
studies were completed with COMPLEX-I developed tbg US-EPA. The year 1998 was
chosen as a source of baseline data. In 2004, swatiens as high as 25.0 @uh® were
observed with 3 min averaging time in the southterdsareas. All other surrounding farms and
small villages were exposed to the concentratio8.6fOU/m® on certain occasions. In 2008,
the maximum odour concentration around the landdite for 1 h averaging time was
approximately 3 O&m® about 1.0 km north and 0.5 km west of the landfiibr 3 min
averaging time, the stretch of 5 @bh* band was up to 2.5 km towards the north of theflin

Two approaches of the Gaussian atmospheric digpensodel were employed to predict
odour impact from a projected landfill area and ast& treatment facility (Ubedzt al. 2010).

The first approach was a simplified bi-Gaussiancspheric dispersion model developed by the
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authors. Calculated odour concentrations were septed using GIS tools. Regarding the

second approach, a commercial bi-Gaussian atmasghgpersion one was used.

SIMPLE GAUSSIAN
DISPERSION MODEL

Odour concentrations {OU/m’)

|o=1 [ 517
| [BEEl RARL
[ .]i:.“.ﬁ- 16 -3.700

TROPOS MODELLING

Odour concenirations [OUIm®
[ Je:r M 51-7
-1.1-3- 7.1-15
BREAET BB

Fig. 1.25.Predicted odour concentrations with the Troposeh@dbedaet al. 2010)

Odour concentrations were modelled for the prewgilivinds. The maximum distance
obtained by the simple dispersion model was 1.5kig. 1.24), modelled by the commercial
one was 3.3 km (Fig. 1.25). Meteorological condisian Mediterranean areas typically present a
high proportion of calm winds, and in these sitiagi Gaussian models may present high errors.
Field measurements are required when landfill Ilztan becomes operational, in order to
determine the real reach of odour (Ubetal.2010).
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Odours can be quantified by five parameters thafilprthe human response (Odour...
2007). These parameters include: odour thresholfis,r intensity, odour persistency, hedonic
tone, and odour characterization. The most commeasnre of odours is the odour threshold
value (OTV), also referred to as the odour coneioin or odour strength. Odour strength is
quantified by determining the amount of dilutioneded to bring the odorous air sample to its
threshold. The higher the threshold value, the nublion is needed to bring the odour to
threshold, thus the stronger the odour.

The dilution ratio is an estimate of the numberdd@itions needed to make the actual
odour emission just detectable (Odour... 2007). Thisnown as the detection threshold (DT).
The recognition threshold (RT) is the dilution cadit which the assessor first detects the odour’s
character (“smells like...”). The recognition threkhealue is always lower than the detection
threshold value. It takes more dilution to bring @our to its detection threshold (no odour
present) compared to its recognition threshold o@®not recognizable).

The odour threshold is reported as a dimensionddssion ratio; however, often the
pseudo-dimensions of “odour units” (OU) are useditdJof “odour units per cubic meter”
(OU/m®) are also commonly applied in order to calculateuws emission rates (Odour... 2007).

The pseudo-dimensions of “odour units per cubicemiedare commonly used for odour
dispersion modelling, taking the place of “grams qébic meter.” The odour concentration can
be multiplied by the air flow rate, cubic meterg pecond, resulting in a pseudo-dimension of
“odour units per second,” analogous to grams peorst Because “odour concentrations” from
different source types cannot be “added” nor cay the “averaged,” odour modelling must be
conducted with caution (McGinlest al. 2000).
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1.4. CONCLUSIONS

After a review of literary sources the followingrambusions can be drawn:

1. The gaseous compounds emitted from landfills hawious impacts on their
surroundings. Typical odorants (e.g., mercaptaydrdgen sulphide, etc) have relatively
low detection thresholds. Tipping area, active and active cells are identified as the
main odour sources in landfill sites. Higher corications of odorous compounds occur
during warm season.

2. Reduction of the operating area and temporary wastering are the main techniques to
avoid or reduce emissions of odorous compoundanalfill sites. Intermediate and final
landfill covers are investigated in many aspeatsngosition, hydro-physical properties,
water balance, methane oxidation, adsorption cteniatics of HS, short and long term
performance, and cost. Investigations were conduateboth laboratory-scale and field
conditions.

3. Construction and demolition materials, ashes, ca@npsood chips can potentially be
used as alternatives for conventional daily cowestesns. In terms of odour reduction
these alternatives still need further investigatisith respect to variety of odorous
compounds, characteristics of used materials, enanaspects.

4. Performance of various cover materials for odouducfion at construction and
demolition debris landfills is widely evaluated. érb is lack of information about
suitability of the C&D debris for odour reductionMSW landfills.

5. The most common odour impact evaluation methodsodfiectometry, chemical analysis
and electronic nose. Odour perception complexifynloer of compounds, low sensitivity
and subjectivity are the main limitations of odawaluation techniques. Atmospheric
dispersion models (e.g., GasSim, TROPOS, COMPLERAL PUFF, ADMS, etc) are
applied to assess the odour impact of the landfill the population living in the

surroundings.
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2. EXPERIMENTAL TESTS ON THE INFLUENCE OF WASTE COV ERING LAYER
ON ODOUR REDUCTION

In Lithuania, from 2010 the amount of biodegradablgnicipal waste going to landfills
must be reduced to 75 %, from 2013 — 50 % and 680 — 35 % of the total amount produced
in 2000 (Misewius and Balttnas 2011).

Reduction of waste tipping areas and provisionadtev@overing are the most efficient
measures for the reduction of odours from landflenantest al. 2003).

It is required that thickness of the daily coved drequency of the waste covering must
be set according to season, weather conditionswaasde disposal rate to ensure protection
against the emission of odours and dust (LietuvespRblikos... 2000). The use of efficient
materials for periodic waste covering would notyordduce the effect of adverse factors on the
environment but would also help to more efficierdgal with the problem of quick completion
of the landfill site.

The aim of this research is to evaluate the pdgsii of using building debris for the
reduction of odours in municipal landfills.

The section includes description of the methodologgults of the experimental tests and

its statistical analysis.

2.1. METHODOLOGY OF THE EXPERIMENTAL TESTS ON THE W ASTE
COVERING LAYER PERFORMANCE

During the experiment mixed kitchen waste was mlaoéo a 1.0 m capacity box and
covered with a layer of building debris (Fig. 2..Mhe box was lined with low density
polyethylene film, 0.15 mm thick. In order to prevevaste and building debris from being
mixed up, a 350 mm layer of compacted waste wasreowwith 17 g/rhagri film.

Granulometric composition, bulk density and hunyidibntent of the building debris
(crushed concrete and brickwork) were evaluatedDGd&ebris was collected from a local
building lot.

Granulometric composition of the building debrissw@etermined according to partial
residues on standard sieves.

Minimum mass of the sample is chosen accordingdgimum particle Siz®mnax When
Dmax Of the debris is 4(5) mm (4 means rectangular naesh5 means circular mesh), then the
mass of the sample required is 1 kg. WBegny of the debris is 8(10) mm, then the mass of the
sample required is 5 kg. Whddy,a of the debris is 16(20) mm, then the mass of drapde
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required is 10 kg. WheDax Of the debris is 31.5(40) mm, then the mass oftraple required
is 20 kg. WherDn,ax Of the debris is 63(70) mm, then the mass of #mepde required is 40 kg.

After removing of large particles and desiccatiomha temperature of 110+5 °C, 2000 g
samples of the C&D debris were sieved through Qwi rh mm, 4 mm, 10 mm meshes and
named as patrticle size <0.4 mm, 0.4-1 mm, 1-4 mf@rQ s~m, >10 mm in the study.

The partial residue on each sieyé€%) is calculated as:
a; = - 100 (2.1)
in which m is the mass of residue on the sieweis the mass of the sample. Total residue on
each sieved (%) is calculated as sum of partial residues andélected sieve and all sieves
above. Respectively, wastage through each 8e{#) is calculated as:

in which A is the total residue on the sieve.

3
S 50-100
17 g/m?
1 350
@/' Y
0.1-0.2 mm

Fig. 2.1.Experimental display: 1 — wooden box, 2 — 0.15 patyethylene film of low density,
3 — biodegradable waste, 4 — 17 fagri film, 5 — building debris
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Bulk density of the building debris was determirmdthe mass of dry material placed
into known volume container.

Minimum volume of the container is chosen accordimgnaximum particle Siz®max
WhenDnax of the debris is 4(5) mm (4 means rectangular naesh5 means circular mesh), then
the volume of the container required is 1°dMvhenDyay Of the debris is 31.5(40) mm, then the
volume of the container required is 10driVhen Dyay of the debris is 63(70) mm, then the
volume of the container required is 20%tm

Dry and clean container is weighed and placed erhtrizontal surface. The container is
filled with the C&D debris from maximum 5 cm heiglRull container is weighed with accuracy
of 0.2 %. 3 samples of the C&D debris are evaluated

Humidity content of the building debris was detered by the mass reduction after
desiccation process.

The sample mass depends on maximum particlexize WhenDnax Of the debris is
63(70) mm (63 means rectangular mesh and 70 meendac mesh), then the mass of the
sample required is 5 kg. Whéh.x Of the debris is 31.5(40) mm, then the mass ofstmaple
required is 2.5 kg. WhelD,,x Of the debris is 16(20) mm, then the mass of #mepde required is
1.5 kg. WherDpax0f the debris is 8(10) mm, then the mass of tingpdarequired is 1 kg.

Dry and clean container is filled with the sampfettee C&D debris and weighed. The
sample is desiccated at the temperature of 11045ntiCconstant mass. The container with dry
sample is weighed. 2 samples of the C&D debrisaatuated.

Mixed kitchen waste was selected as the sourcedofirs. It accounts for 14 % of the
total municipal waste amount (Municipal Solid... 2D1The processes of biodegradable waste
degradation predetermine the formation of odoursh{(el 2005). Density, humidity content and
total organic carbon (TOC) content of waste weraeated.

The total organic carbon content was establishel thie Shimadzu instrument TOC-
VCSN (Fig. 2.2). During the ignition process the@agatus measures GQ@as. The total organic
carbon content is calculated as:
we,e = 1000 - Z—j 0.2727 (2.3)
in whichwc is the total organic carbon content (mg/km),is the mass of tested sample (mg),

m, is the mass of released €@ng), 0.2727 is the conversion factor for 0 C.
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Fig. 2.2.Total organic carbon analyzer TOC-VCSN

With the aim of avoiding the influence of precipitem and the formation of leachate,
testing was performed in indoors. The testing casepr two stages. In the first stage odour
samples were taken every second day from uncowseste, a 5 cm thick layer of building
debris and a 10 cm thick layer of building debhisthe second stage samples were taken every
day from uncovered waste (1 day), a 5 cm thickrlafebuilding debris (3 days) and a 10 cm
thick layer of building debris (3 days).

Odour samples were taken in the second half ofithe(after 12:00). Upon taking the
first sample, air temperature and relative humidityhe room were measured with the multi-
functional meter for measuring air parameters MELR#6401. The instrument’s ambient
temperature measurement range is -20+60 °C, resol0tl °C, accuracy +0.5 °C (x0.2 °C at
25 °C). Relative humidity measurement range 0+100ré&solution 0.1 %, accuracy +3 %
(0+10 %), 2 % (10+90 %), +3 % (90+100 %). The setsample was taken after one hour.
Samples were taken at a height of several cen@sndétom the waste or building debris surface
with the vacuum chamber AC’'SCENT and collected alar bags of 10 litre capacity and
analysed in a laboratory on the same day (McGietegt. 2000).

Vacuum chamber has the integral pump powered bysikz® batteries (Fig. 2.3). Gas
samples are kept in 10 litre capacity Tedlar babpe. sample bag is first filled with the odorous
air for “conditioning” the bag. The bag is filled 1/3 full and held for at least one minute. The
bag is then emptied using the pump.

Samples are collected using the vacuum case. Whieersample bag is 2/3 full, the
vacuum is released from the case and the samplestluaps. The sample line is disconnected and
the bag is removed from the vacuum case after digevalve is closed. It is required the odour
testing to be conducted within a nominal 24 homnetiperiod after sample taking (McGinley
al. 2000).

Department of Environmental Protection
Tadas Bataviius 47



Master thesis

Fig. 2.3.Vacuum chamber with integral pump

Odour concentration measurements were carried dhtthhe AC'SCENT International
Olfactometer. The odour thresholds are determingdirbined human assessors observing
presentations of the odorous air samples dynamichlited with the olfactometer (Odor...
2007).

The AC’'SCENT International Olfactometer (Fig. 2.4) a dynamic dilution venturi-
nozzle style olfactometer used for determinationdefection and recognition thresholds of

odorous air samples, including odorant mixtureguse compounds.

Fig. 2.4.AC'SCENT International Olfactometer with the tadtministrator and the assessor (St. Croix
Sensory 2005)
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The olfactometer mixes odorous air samples with ddeur-free air in specific ratios

(Table2.1) for the presentation to a panel of humansssss.

Table 2.1.0lfactometer air flow rates and dilution ratios. (Sroix Sensory 2005)

Dilution Level Odorous Air Flow Dilution Ratio
1 0.31 cnimin 64000
2 0.63 cnmin 32000
3 1.25 cni/min 16000
4 2.50 cnimin 8000
5 5.00 cnmin 4000
6 10.0 cnmin 2000
7 20.0 cni/min 1000
8 40.0 cni/min 500
9 80.0 cnmin 250
10 160 cn¥min 125
11 320 cnymin 63
12 630 cnmin 32
13 1250 cn¥Ymin 16
14 2500 crymin 8

The AC'SCENT International Olfactometer meets atuirements of internationally
accepted standards of olfactometry:

e EN 13725:2003 Air Quality — Determination of OdoGoncentration by Dynamic

Olfactometry (European Community),

e ASTM E679-04 Determination of Odor and Taste Thotdh by a Forced-Choice

Ascending Concentration Series Method of LimitsrtN@merica),

e AS/NZS 4323.3:2001 Stationary Source Emissions -tefdenation of Odour

Concentration by Dynamic Olfactometry (Australid\&w Zealand).

These olfactometry standards allow the use of tnalyais methods (Forced-Choice or
Yes/No), which are both available for use on the CENT International Olfactometer. For
both test methods, after responding to the firsitidn level, the assessor is then presented with
the next dilution level. In the “Forced-Choice” etl the assessor is again presented with three
sample choices, one of which is the odour samplehé “Yes/No” method the assessor again
tests six randomly presented samples. Howevemtim tases this next dilution level presents the
diluted odour at a higher concentration (e.g. twees higher concentration, one-half the dilution
ratio). The assessor continues to additional higbacentration levels (lower dilutions ratios) of
sample presentation following these methods. Thigtisical approach of increasing

concentration levels of sample presentation igdalhscending concentration series.”
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The olfactometer is self contained in a podiumessclosure. The lower compartment
of the enclosure contains the zero air system (&), which supplies the odour-free dilution

air. The upper compartment of the enclosure costtie electrical components and the valve
control system (Fig. 2.6).

Main air system carbon
Two canisters Switching  Pressure filiration canister
of molecular valve regulator #2
sieve mg < Teflon tubing for
Heiterial main dilution air and
balance air to
Bleed-off valve control system
(regulator #1)
Balance air
Pressure relief valve syst'em catlon
. canister
set to 40 psi
Water trap and
drain valve
Mechanical pressure
switch cuts power to the = Cmsls flow
compressor at 40 psi = . co olmlg fan on
é- . | | s each side
=
Cooling coil Compressor
120V/60Hz or 230V/30Hz
Fig. 2.5.Olfactometer zero air system (St. Croix Senso520
Switches
Operator kevpad
DC Power supplv: .
120-240VAC input Cooling fan
and outputs of 12,
24, 5VDC

PLC & Control
modules

Main air flow
Terminal track with

120V/60H (dilution air)
IJ c control valve
{or 230V/50Hz),

12VDC & 24VDC

Valve control
card

Odorous’air flow venturi mixing
chamber/manifold & valves

Fig. 2.6.0Olfactometer electrical and valve control syst&n Croix Sensory 2005)
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The olfactometer contains a venturi style air madifsystem (Fig. 2.7). A main air
system provides the odour-free air to the ventwanifold. The venturi acts as a flow controller
for the main air flow, as well as providing suctipressure for mixing volumes of balance air
and/or odorous air without the aid of pumps. Thia@e air system is controlled to provide a
continuous, proportional flow of odour-free airlialance the system pressures in the manifold

when switching between blank and odour presentation

Mass flow
controller

for dilution
levels 1-0

Balance air
system

Odorvalve valve
forlevels

10-14

Main air flow manifold

Fig. 2.7.Olfactometer main air flow venturi manifold (Sttd Sensory 2005)

Results are computed for each assessor based odilthien levels where correct
“detection” or “recognition” responses are recordgdor... 2007). The responses of all
assessors are averaged to determine the sampletsdioe and recognition thresholds.

The analysis was performed by the method of footexce. A researcher evaluates three
deliveries of each dilution. One of them contaims tliluted sample at issue, others — clean air.
The researcher selects “guess” (one of the dedigeriay contain an odour samples), “detection”
(odour is sensed in one of the deliveries) anddgedion” (the nature of odour is recognised in
one of the deliveries) answers. The levels of ailudiffer from each other by a twofold lower
dilution ratio and a twofold higher odour concetitla. Each sample is evaluated by 4

researchers.
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2.2. RESULTS OF THE DAILY COVER PERFORMANCE EVALUAT ION

A granulometric composition of the building debgushed concrete and brickwork)
used for waste covering is presented in Table B@ lig. 2.8. In accordance with partial
residues on sieves the main fractions of buildieprig are 1+4 mm (22.5 %) and 4+10 mm
(30.7 %). Debris’ bulk density — 1.32 g/trfTable 2.3), humidity content — 1.7 % (Table 2.4).
Error of the weighing is 0.01 g.

Table 2.2.Granulometric composition of the building debris

Sieve size, Sieve Sieve and residue Residue Partial Total residue | Wastage
mm weight, g weight, g weight m, g residue a, % A, % B, %
0.0 335.19 647.24 312.05 15.6 99.7 0.3
0.4 298.57 555.14 256.57 12.8 84.1 15.9
1.0 303.64 754.36 450.72 22.5 71.3 28.7
4.0 373.03 987.85 614.82 30.7 48.7 51.3
10.0 141.69 501.63 359.94 18.0 18.0 82.0

Sample size m, g 2000.00
>my 1994.10
100(m-Ym)/m 0.29
100,099/, -
90,0 e 84,1
vep
...... =,0
% e — 713 = 7
§ 700 = 7
2 600 - =
& .4
5 50,0 ;i%l,'j
k] - =
; 40,0 = .
= 30,0
: ML
& 20,0 e —;;5 z ==
r— — ’
10,015.6 — = 18,0
5 - 12,8
-
0,0 w0;3
0,0 0,4 1,0 4,0 10,0
Sieve size, mm
+#-Totalresidue =l Wastage =-de=Partialresidue
Fig. 2.8.Building debris granulometric composition curve
Table 2.3.Bulk density of the C&D debris
Parameters Equations/Dimensions 1 San;ples 3

Empty container weight m, g 285.52 285.52 285.52

Full container weight mg 1586.72 1610.78 1615.20

Container volume V, cih 1000 1000 1000

Bulk density p=(m-m)/V, glcn? 1.30 1.33 1.33

Average p, glcnt 1.32
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Table 2.4.Moisture content of the C&D debris

Parameters Equations/Dimensions 1 Samples 5
Container and wet sample weight 1,19 970.27 964.34
Container and dry sample weight 2 953.84 948.12
Moisture content w=100(m;-my)/my, % 1.7 1.7
Average w, % 1.7

The waste used for the tests had 0.48 Ghbemsity, 74.8 % humidity content and 34.6 %
total organic carbon (TOC) content. Results arsgmeed in Table 2.5, Table 2.6 and Table 2.7

respectively.

Table 2.5.Density of the food waste

Parameters Equations/Dimensions 1 San;ples 3
Empty container weight m, g 12.43 12.43 12.43
Full container weight mg 37.68 35.09 36.14
Container volume V, chn 50 50 50
Density p=(my-m)/V, glcn? 0.51 0.45 0.47
Average p, glen? 0.48
Table 2.6.Moisture content of the food waste

Parameters Equations/Dimensions 1 Samples >

Container and wet sample weight 1,19 120.16 114.37
Container and dry sample weight 2,19 31.72 27.45
Water content w=100(m;-m,)/m,, % 73.6 76.0
Average w, % 74.8

Table 2.7.TOC of the food waste

Sample number Sample weight, mg Carbon content, mg Carbon content, % TS | Average, % TS
1 99.62 34.87 35.0
2 70.14 22.87 32.6 34.6
3 70.03 25.28 36.1

Assessment in the first stage covered the influefdkickness of a building debris layer
on the formation of odours (Fig. 2.9 and 2.10).tHe event of uncovered waste, the highest
odour detection thresholds reached 419 and 347raduis.

Upon covering waste with a building debris layertioé¢ thickness of 5 cm, the odour
detection threshold fell by 75.7 % to 102 OU (thrstfsamples) and by 51.0 % to 170 OU
(samples after one hour). Upon covering waste withuilding debris layer of the thickness of
10 cm, the odour detection threshold decreased%y % to 85 OU compared to uncovered
waste and by 16.7 % compared to 5 cm thick layee (trst samples). The odour detection
threshold of the second samples remained unchakggdd.9).
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Fig. 2.9.Dependence of odour detection threshold on thekioé a building debris layer

The dependence of odour recognition thresholdshenthickness of a building debris
layer is similar to that of the odour detectionestrold but the values themselves are lower. In
the case of uncovered waste the highest odour méamgthresholds reached 205 and 244 odour
units (Fig. 2.10).
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Fig. 2.10.Dependence of odour recognition threshold on thesk of a building debris layer

Upon covering waste with a building debris layertloé thickness of 5 cm, the odour
recognition threshold decreased by 58.5 % to 85(@ig first samples) and by 59.0 % to
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100 OU (samples after one hour). Upon covering evagth a building debris layer of the
thickness of 10 cm, the odour recognition threshiddreased by 70.7 % to 60 OU compared to
uncovered waste and by 29.4 % compared to 5 crk dyer (the first samples).

The specific odour emissions from the first samplesermined during tests reached
1.26 OU/nd/s in the case of uncovered waste, 0.31 OU#rim the case of the layer 5 cm thick
and 0.26 OU/ifis in the case of the layer 10 cm thick. The speaflour emissions of the
second samples reached 1.04 Otnin the case of uncovered waste, and 0.51 G%/m the
cases of the layer 5 and 10 cm thick.

In accordance with Siroret al. 2003, the specific odour emissions of uncoveredteva
vary from 1.7 OU/rf¥s (in summer) to 2.0 OUAfs (in autumn). The specific odour emissions of
covered waste vary from 0.2 OUs (in winter) to 1.4 OU/Afs (in summer). In accordance
with Sironi et al. 2005, the average specific odour emissions iniaftallandfills reach
5.5+3.4 OU/M/s. As the tests performed by Odotech Inc. in Camathndfills in 2001 show,
odour concentrations in old sections amount to QUBnf/s, in waste tipping sites —
5.4 OU/nf/s, and in truck parking areas — 3.5 O&&(Nicolaset al. 2006).

In accordance with Ubedet al. (2010), the average concentration of municipaltevas
landfill odours reaches 1.375 OU#l The average odour concentrations presentedoytyB
(2003) and Romaiet al. (2007) vary from 0.3 to 0.5 OUAfs. Odour emissions from landfills
normally depend on (Siroei al. 2003):

waste characteristics;
e frequency of waste covering;
e area of waste tipping sites;
¢ the quantity of waste per time unit;
e meteorological conditions (wind speed, solar raomgt air temperature, relative
humidity).

Assessment in the second stage covered the inBuehthickness of a building debris
layer on the formation of odours in the courseiofet (Fig. 2.11 and 2.12). The ambient air
temperature and relative humidity were also deteeahi(Fig. 2.13).

In the first samples the highest values of the odfmtection threshold were recorded in
the case of uncovered waste (85 OU). Upon covesiaste with a building debris layer of the
thickness of 5 cm, the odour detection threshdldie29.4 % to 60 OU and remained stable for
all three days. Upon covering waste with a builditgpris layer of the thickness of 10 cm, the
odour detection threshold decreased from 60 OU7t@8 (38.3 %) on the second day. On the
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third day the odour detection threshold reache®@4 The total decrease in the odour detection
threshold within the testing period (7 days) i24% (Fig. 2.11).
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Fig. 2.11.Dependence of the odour detection threshold othibkness of a C&D debris layer vs time

The highest values of the odour detection threshmote second samples stood at 73 OU

(on the first day in the case of the layer 5 cnelkhand 85 OU (on the third day in the case of

the layer 5 cm thick). The total decrease in theundletection threshold accounts for 63.5 %.

The dependence of odour recognition threshold$fertilding debris layer thickness vs time is

similar (2.12).
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Fig. 2.12.Dependence of the odour recognition thresholdherthickness of a C&D debris layer vs time

Department of Environmental Protection

Tadas Bataviius

56



Master thesis

When municipal waste is periodically covered witmpost the concentrations of landfill
odours decrease from 69 to 97 % (Huwstal. 2005). Odour concentrations in waste tipping
places reaching 4000-30000 OU/mdecrease to 120-900 OUm. In order to reduce gaseous
emissions, biodegradable waste is composted withdveawdust, green (garden) waste, or peat
(Zigmontiere and Zuokait 2011). However, as these materials are non-honoagetheir use is
limited.

The odour concentration of the waste covered witlayer consisting of 50 mm of
building debris and 150 mm of sawdust decreasandrg than 50 % (Solagt al. 2010). Finely
fractioned building debris is distinguished by loancentrations of background odours. This is
insignificantly influenced by a waste collectiotesand methods of treatments.

Where waste is covered with the building debrifayf the thickness of 5 cm instability
of the odour threshold can result from insufficiémtkness of the building debris layer. Already
on the third day of the testing odour thresholdsched the level of uncovered waste. In the
meantime upon covering waste with a 10 cm thicledahe thresholds gradually decreased or
insignificantly fluctuated. In this case fluctuatgcould have been determined by changes in the
relative humidity of the ambient air (Fig. 2.13 a@hd4). The correlation coefficient of the odour
detection thresholds in the first samples was etqual9988, that in the second ones — 0.8003.
The correlation coefficient of the odour recogmitithresholds in the first samples was equal to
0.9262, that in the second ones — 0.9684.
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Fig. 2.13.Alternation of ambient air temperature and reatiwmidity during the experiment
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Fig. 2.14.Dependence of odour thresholds on relative huynadithe ambient air: DT — odour detection

threshold, RT — odour recognition threshold

Certain fluctuations in the concentrations of baokgd odours resulting from the
humidity of materials were determined by Solketnal. 2010. Tests covered wood sawdust,
building-demolition and industrial dust. When trentent of humidity in materials significantly
increases, the specific odour emissions also isetedhe increased emission of hydrogen
sulphide at a higher humidity of the ambient airsvdentified by Heet al. 2010. At higher
temperature water vapour pressure grows, whichridedées the adsorption properties of the
filler resulting in more intensive emissions of34

Throughout the testing period (7 days) ambientesirperature was gradually falling. The
highest temperature (23.0 °C) was recorded on ®pergnent's first day when waste was
uncovered. The lowest temperature (17.5 °C) wastiftked on the last day of the test in the case
of the building debris layer of 10 cm thicknesgy(F2.13).

On the basis of tests on hydrogen sulphide degoadattivity (Zdebet al. 2008), the
average value of 4% degradation activity at 28 °C temperature waerily 1.85 times above the
average value at 6 °C temperature.

During the testing period a difference in tempeaeguwvas a mere 5.5 °C and therefore
temperature changes did not have a significaniémnite on testing results.

Results are computed for each assessor based odiltiien levels where correct
“detection” or “recognition” responses are recorded). 2.15). The responses of all assessors

are averaged to determine the sample’s detectidmesmognition thresholds.
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i I | T .
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| | i
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Fig. 2.15.Statistical analysis of the odour thresholds

The assessor did not indicate “detection” of theuvdat dilution level 8 which is a
dilution ratio of 500, but did indicate detectionthe next higher odour concentration (lower
dilution ratio of 250 and two times more odour).eTassessor’s individual estimated detection
threshold is the geometric mean between 500 and @5352. The result of this statistical

method is called the “best-estimate” threshold.

(log500 + 10g250)/2 = (2.7 + 2.4)/2 = 2.55;

10°%°= 352,

The geometric mean is used when calculating thet“bstimate” threshold due to the
lack of “equal variance” along the dilution raticase.

The individually estimated thresholds of four asses are averaged to determine the
detection threshold for which 50 % of individualglwbserve the presence of an odour. In the
Fig. 2.15 this average of 4 assessors’ detectimsitiold is 2.62 or 420 odour units (antilog of
2.62 = 420 OU). The “detection threshold” valuettisaobtained from odour testing is actually

derived from dilution ratios, and is therefore dims®nless.
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2.3. CONCLUSIONS

1. Concrete and brickwork building debris could belegopfor more efficient reduction of
odour emissions from municipal solid waste lansgfill

2. Upon covering waste with the 5 cm building debagelr, odour thresholds in 1-2 day
period decreased 51.0-75.7 % compared to uncoweaste. Upon covering waste with
the 10 cm building debris layer, odour thresholdsrdased 51.0-79.7 %.

3. The specific odour emission rates determined duests (1.04-1.26 OU/ffs in the case
of uncovered waste and 0.26-0.51 OB/srupon covering waste with building debris)
comply with the standard concentrations of odoromfmunicipal waste landfills.

4. Changes in odour intensity result from waste charestics, composition of covering
material and environmental parameters.

5. A building debris layer thinner than 10 cm is if&iént to cover waste for a longer
period (more than 3 days).

6. Upon covering waste with the 5 cm layer, instapibf odour thresholds was recorded.
Already on the third day of the test they reachuwsl level of uncovered waste. Upon
covering with the 10 cm layer, thresholds were gedlg decreasing or varied
insignificantly. In this case variations could halveen determined by changes in the
relative humidity of the ambient air.
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3. MODELLING OF THE ODOUR DISPERSION AROUND MUNICIP AL SOLID
WASTE LANDFILL SITE

Landfill odour impact is the negative effect, giMemumerical form, of odorants emitted
into the atmosphere by waste delivering or treatipgrations (Sironet al. 2003). This effect is
usually expressed by an odour concentration levélaapercentile of occurrence of odour hours
per year. For example, the‘%ercentile of 5 O&/m® means that odour concentration in the air
exceeds the concentration level of 5 for the 2 % of the hours in a year.

As olfactometric odour concentration is given bgilation factor, it can be viewed as a
scalar property of turbulent atmosphere, exackg kny other gaseous pollutant (Siretial.
2003). However odour dispersion models have to meetdinary requirements: odour impact is
reflected by a peak concentration rather than yaméan concentration and odour exposure is
reflected by a percentile of concentration rathanta long-term-averaged concentration.

There are two types of dispersion models that rieete requirements and can currently
be used to predict a map of the odour concentrdtequency caused by odour emissions (H4
Odour... 2011):

e Steady state Gaussian models (e.g. Aermod, ADMBgsd& models represent a good
mathematical approximation of odour plume behavishen the odour source is located
in relatively simple terrain; where the winds agtatively evenly distributed; and where
the frequency of low wind speeds (< 1.5 m/s) i®e? % for each compass direction.

¢ Non-steady state Lagrangian models (e.g. Calpui§t&i). These models are capable of
simulating a wider range of dispersal conditionantlsteady state models. They are
therefore useful for odour assessments at siteshwdnie characterized by complex air
flow/dispersion conditions.

It should be noted that the dilution of the actodbur emission is the physical process
that occurs in the atmosphere downwind of the odmurce (McGinleyet al. 2000). The
“receptor” (people in the community) sniffs theutdd odour. If the receptor detects the odour,
then the odour in the atmosphere is above the r@tgpetection threshold level.

The aim of the study is to evaluate the potent@urs impact around MSW landfill
considering different odour control scenarios: ra@vering of waste (minimum landfill
operation requirements), daily covering of wastgpli@ation of construction and demolition
debris for waste covering) and minimization of veagpping area.

The section includes description of the dispersimdel and input data, results of the

odour dispersion modelling and its analysis.
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3.1. DESCRIPTION OF THE DISPERSION MODEL ADMS AND I NPUT DATA

Dispersion modelling was used to quantify the poérodour impact around MSW
landfill site to the south east of Klaga in Lithuania. The case studies were completed wi
Atmospheric Dispersion Modelling System (ADMS), tkeftware developed by Cambridge
Environmental Research Consultants (CERC).

ADMS is a dispersion model using two parameters,iitbundary layer heiglit and the
Monin-Obukhov lengthLyo, to describe the atmospheric boundary layer aimtgus skewed
Gaussian concentration distribution to calculaspéision under convective conditions (CERC
2010). The model is applicable up to 60 km downwofdthe source and provides useful
information for distances up to 100 km.

The Monin-Obukhov length is defined as:

—u3

Lyo = (Kg_TO) (3.1)

pcpTo

in which u- is the friction velocity at the Earth’s surfages the von Karman constant (0.4)is
the acceleration due to gravifyy is the surface sensible heat flpxandc, are, respectively, the
density and specific heat capacity of air dgds the near-surface temperature.

In unstable or convective conditions, the Monin-&imwv length is negative. The
magnitude of the length is then a measure of tihghh@bove which convective turbulence, i.e.
turbulent motions caused by thermal convectiomase important than mechanical turbulence,
i.e. turbulence generated by friction at the Earthirface.

In stable conditions, the Monin-Obukhov length csifive. It is then a measure of the
height above which vertical turbulent motion isnsiigantly inhibited by the stable stratification.

In the different regions of the boundary layer elifint mechanisms are important in
generating turbulence. These are (CERC 2010):

1. surface heating or convectively generated turb@dtlte convective eddies increase in
energy as they rise through the boundary layer),

2. turbulence mechanically generated by shearingeasuhface,

3. local shear, for instance at the top of the boundlyer, that can be a weak source of
turbulence.

This approach to boundary layer stability, wherghg boundary layer structure is
defined in terms of two variableg/ljuo andz/h) supersedes the Pasquill-Gifford formulation,
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and differs crucially from the Pasquill formulatiom allowing the variation of boundary layer
properties with height to be included.

Two types of odour unit commonly used are “OU” 46" (CERC 2010):

e The odour unit (OU) strength of a release is thelmer of times the mixture must be
diluted, at standard temperature and pressuresatchrthe detection limit of 1 OU. The
1 OU contour shows the area where the model peetlietodour threshold is exceeded.

e An alternative unit for odour studies is the Eump®dour unit (Og). One O is the
mass of pollutant that, when evaporated into® bfiodourless gas at standard conditions,
has the same odour nuisance as 1 OU of a refecsluzant.

The Odoursoption in ADMS enables the user to input emissiand calculate output in
either of these units. European odour units §Dare more commonly used and olfactometry
measurements give odour concentrations ir/@¢)(Carruthers and #a 2012).

For non-odour calculations, ADMS calculates masscentrations in g/thfrom mass
emission rates in g/s, g/m/s, g/m or g/mis, for point, line, area and volume sources
respectively (Gray and McHugh 2009). For odour walttons, if units of OU are used for odour
calculations, the user specifies emissions in Od ADMS produces output in OU. It is
therefore necessary to convert the OU releasegilrén an “emission rate” in order to obtain
output in OU. When using units of g, the conceidraat the release point in giiis equal to the
mass emission rate in g/s divided by the volume fiate V. Hence the “emission rate” Q for the

odour calculation can be calculated as follows:
_ Tstp
Q=QoyV =2 (32)
R

whereQoy is the strength of the release (OW)js the volume flow rate at actual temperature
and pressure (ffs), Tr is the release temperature (K) afighp is the standard temperature
(288.15 K). Here the temperature ratio is inclubdedause the OU release strength is defined at
standard temperature and pressure. Modelling inc@hot be done for sources that have no
plume rise (since V=0).

Since OY are mass measures, they can be treated identiwaltyrams (Gray and
McHugh 2009). The user specifies emissions ine®UOU/m/s, OW/m?/s and O/m3s for
point, line, area and volume odour sources respsgtiand results are obtained in @°.

Dumpiai MSW landfill was opened in 2009 (Fig. 3.I)ptal area of operated landfill
sections is 65047 mTotal capacity of the landfill for 20 years i$%.million nt of waste.

About 120000 tons of municipal solid waste aretagannually.
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Fig. 3.1.Location of the Dumpiai MSW landfill

Three different landfill operation and odour cohoenarios were evaluated:

e The F'scenario means that wastes are tipped in theafreperated landfill sections
(Fig. 3.2). Temporary covering of waste is rare nimum landfill operation
requirements). Average odour emission rate is QWEmM?/s.

e The 2%scenario means that wastes tipped in the arepeshted sections are temporary
covered at the end of each working day. Constractiod demolition (C&D) debris is
applied as a covering material. Average odour éonigsite is 0.41 Om?/s.

e The 3 scenario combines two odour reduction technigBis 8.3). Only one cell of the
2" landfill section is used for waste tipping. Aveeagodour emission rate is
1.15 OWm?s. The remaining area is covered with differenteta of C&D debris.
Average odour emission rates are 0.38&@\Js for the i landfill section and
0.41 OW/m?/s for the other cell of the"2section.
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‘

Fig. 3.2 Location of odour sources for th& and 2° scenario

Fig. 3.3 Location of odour sources for th& 8cenari

Odour emission rates were obtained by dynamic twifaetry measuremeniduring
previous experimental investigation (Fig.4). Accordingto experimental data and land
operation conditions some assumptions were madghthef all odour sources is m, volume
flux — 0.003 ni/s, temperatur— 23°C; odour emission rates are constant with timekdpaund
concentrations are not conside;, surface roughness of agricultural areas ism, and

meteorological data are hourly seque! (Fig. 3.5).
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The resulting “odour concentration” value of “1"alculated by a dispersion mod
represents the odour detection threshold that wesdined using the “best estimate criteria’
value of less than 1 represents “no odour” or -threshold”. A value c greater than 1
represents “odour” at a “suj-threshold” level (McGinlet al. 2000).
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3.2. RESULTS OF THE ODOUR DISPERSION MODELLING AND ITS ANALYSIS

Knowing that 1 Ol/m?® corresponds to the odour detection threshold98fepercentile
of such concentration shows the limit of the aregdnd which the odour is perceived less
frequently than 2 % of the time (Nicolasal. 2006).

Lithuanian legislation (HN 121:2010) defines the ximaum allowable odour
concentration of 8 OUm® at living areas. Sanitary protection zone of 50@round MSW
landfill site is required.

The human perception of odour consists of more gush “smell”. It represents a
complex series of psychological and physiologicesponses to the quality of the odorant
detected. Therefore, it is important to evaluaté oy odour concentration and perception
frequency but odour character also.

British Horizontal Guidance for Odour ManagementpiiA 2011) classifies relative
“offensiveness” of odours arising from differentopesses as High, Medium and Low (Table
3.1). Odour exposure criteria are expressed ing@f®8" percentile of hourly mean (equivalent

to 175 exceedences per year).

Table 3.1.Categories of odour offensiveness (Carruthers<atal 2012)

Indicative criterion (below which there is ng

Offensiveness categor
gory reasonable cause for annoyance)

High 1.5 OW/m’
Medium 3.0 OU/m°
Low 6.0 OU/m®

MSW landfills are categorized as high offensivenes®ur sources and indicative
criterion is the 98 percentile of 1.5 OYm®.

Results of all evaluated scenarios showed loweuiodoncentrations than the maximum
allowable odour concentration defined in Lithuanlagislation. Considering the®1scenario
with the highest odour emission rates contours @UE/m® and 1.5 Og/m® exceeded the
sanitary protection zone (Fig. 3.6). The maximustatices of 1.5 Om?® contour were about
900 meters to the north east and more than 120€rsnket the south of the landfill site. The high
offensiveness odour could be perceived more fretyuéman 2 % of the time (more than 175
exceedences per year) by people living about 55@mn¢o the south of the landfill site. Only
0.5 OW/m*® concentrations reached the surrounding villagesvetgiai, Kaspariskiai and

Gruieikiai.
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Fig. 3.6.98" percentile of hourly averaged odour concentraiiorthe ' scenario

Results of the™® scenario showed that temporal covering of waggry areas with the
C&D debris reduced odour concentrations effectiélig. 3.7). Odour concentrations at the
same places decreased more than twice comparée t8' scenario. Contour of 1 Q¥in® did
not exceed the sanitary protection zone. The maxirdistances of 1 O¥m?® contour reached
only about 250 meters to the north and to the sofithe landfill site. The odour concentration
of 1.5 OW/m?® could be exceeded only in the area of tHéamdfill section.

The 3% scenario combined minimization of waste tippingaar and temporal waste
covering (Fig. 3.8). One cell of thd“2andfill section was used for waste tipping witrer
covering; therefore odour concentrations aroundlflirsite were higher compared to thé&?2
scenario. Only the contour of 1 @h® exceeded the sanitary protection zone. The maximum
distances of 1 Ogm?® contour were about 600 meters to the north wessalout 1200 meters to
the south of the landfill site. The maximum disemof 1.5 Ol/m® contour were only about

250 meters to the north west and to the northafake landfill site.

Department of Environmental Protection
Tadas Bataviius 68



Master thesis

1.40

1.20

1.00

0.80

—0.60

—0.40

—0.20

Metres

Fig. 3.7.98" percentile of hourly averaged odour concentrafiorthe 2¢ scenario

Metres
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Department of Environmental Protection

Tadas Bataviius 69



Master thesis

Distances reached by odour to the south of larslfél seem to be overestimated, because
meteorological data contain relatively high promortof calm (<1.5 m/s) northern winds.
Gaussian dispersion models may present high anrdhnese situations (Ubea@d al. 2010).

The reach of odour was predicted in 1.5 km from éldeur source with the simple
Gaussian dispersion model, whereas with the Tropmsel the odour reached 3.3 km (Ubeda
al. 2010). Wind data employed in the modelling wasseldo 1 m/s, and both models were
inversely dependent on this parameter. Tropos mmaglconsidered meteorological data higher
than 1 m/s, so wind speed values lower than thait liwere assumed to be 1 m/s. This
assumption could be a strong source of errors.

The Gaussian model seems to be unsuitable for ochmaielling, because the human
response to the odour perception is very fasthendrder of 1 s, and odour modelling provide
average hourly concentrations (Ubedal. 2010).

Sarkaret al. (2003) evaluated odour concentrations around anelfill site for short
averaging times. The same locations were affectete with 3 min averaged concentrations
(concentrations as high as 25@td®) as compared to hourly and 10 min averaged
(concentrations as high as 20 @td®) ones. The percentage frequency of occurrenceidf s
critical events having ranges of odour concentratias high as 10-25 QUn® are very low
(Sarkaret al. 2003).
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3.3. CONCLUSIONS

1. Dispersion modelling was found useful for odour aajpassessment within communities
near landfill sites.

2. Considering the *Lscenario with the highest odour emission ratesotorof 1.5 Ol/m?®
exceeded the sanitary protection zone. The maxighgtances were about 900 meters to
the north east and more than 1200 meters to tha sbthe landfill.

3. Considering the ¥ scenario temporal waste covering and applicatibooncrete and
brickwork building debris effectively reduces latididours. Odour concentrations at the
same places decreased more than twice comparkd f scenario.

4. The 3% scenario combined minimization of operation aned @mporal waste covering.
The maximum distances of 1.5 @uh® contour were only about 250 meters to the north
west and to the north east of the landfill.

5. Choice of the dispersion model influences accuracyhe odour impact assessment.
Gaussian dispersion models are not suitable foluatran of calm winds and complex

terrain.
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GENERAL CONCLUSIONS

1. Concrete and brickwork building debris could be legop for more efficient odour
reduction from municipal waste landfills. Upon cauag waste with the 10 cm building
debris layer, odour thresholds in 1-2 day periotte@se 51.0-79.7 %.

2. Variation of the specific odour emission rates dateed during tests result from waste
characteristics, composition of covering materrad anvironmental parameters.

3. A building debris layer thinner than 10 cm is if&iént to cover waste for a longer
period (more than 3 days). Upon covering waste tiéh5 cm layer, instability of odour
thresholds was recorded. Upon covering with therhOayer, odour thresholds varied
insignificantly because of changes in the relativenidity of the ambient air.

4. Dispersion modelling was found useful for odour &opassessment within communities
near landfill sites. Modelled scenarios show tleatporal waste covering and application
of building debris effectively reduces landfill agoemissions. Odour concentrations at
the same places decrease more than twice and agaxoedd the sanitary protection zone
of the landfill site.

5. Choice of the dispersion model influences accuracyhe odour impact assessment.
Gaussian dispersion models are not suitable foluatran of calm winds and complex

terrain.
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RECOMMENDATIONS

1. 5cm layer of the concrete and brickwork buildingbds could be applied to reduce
landfill odour emissions only for 1-2 day periodpdh covering waste with the 5 cm
layer, odour thresholds decrease 51.0-75.7 %.

2. In order to avoid instability of landfill odour essions for a longer period (more than 3
days) minimal 10 cm layer of the building debriegll be applied. Upon covering waste
with the 10 cm layer, only ambient air parametafiience odour thresholds.

3. In terms of landfill capacity limits temporal wastevering with building debris and
minimization of operating area should be combin€dnsidering this scenario odour
concentration of 1.5 O&m? should not exceed the sanitary protection zor&6fm.

4. For the evaluation of calm winds and complex terrabn-steady state Lagrangian
models (e.g., CALPUFF) should be used instead afs&an dispersion models (e.g.,
ADMS).
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