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Abstract

The monitoring of the odor annoyance generated lapdfill area is difficult, since it is a multi-ea-sources
problem, with a discontinuous odor emission. Tlipgr proposes an adaptation of the method of sgiféam
campaigns to the particular case of fresh wastesoddne method is based on the field determinaifador
perception points, followed by data processing ithi-Gaussian-type model, adapted to handle thesoth a
first step, field observers delineate the regiowlirich odor impact is experienced and then the sionisrate is
manipulated in a dispersion model until the prestictize of the impact zone matches that observegkifield.
In a second step the adjusted emission rate iseshiteto the model to calculate the percentilesesponding to
the average annoyance zone. The originality optbposed method is the introduction of all pointd af all
recorded meteorological data into the model. Theepdiscusses the method limitations and the eindisced
on the results, i.e. the odor emission rate anghéineentile lines (oiso-concentration lines) which are used to
describe the odor concentrations on a map of tirewadings of the plant.

The proposed method proves to be reliable for siiffsources, such as landfill areas. The obtairsdtseare
coherent with other results found in the literatwith other techniques.

1. Introduction

Unpleasant smells can cause serious nuisance iidinéy of sanitary landfills. Odors of differekinds are
released by the fresh deposits of municipal sohdte, by the landfill gas (LFG), by the leachatatment
plants, by flares and by some waste treatment wtikescomposting facilities. Concerning solely taste
odor, there is a wide variety of emission sourcesyeniently separated into the specific activittest liberate
odorous compounds (Karnik and Parry, 2001) sut¢heaactive tipping of waste itself, but also thestea
transportation by disposal trucks, the intermedsédeage or the handling process after the gartiagesit.

Consequently, controlling odors from landfill sitess become an important regulatory issue, requaaturate
and reproducible sampling and measurement (Bradlay, 2001).

But the monitoring of the odor annoyance generbied landfill area is difficult. Problems appearealdy at the
sampling level.

The most important sources at landfill sites adeéd passive area sources that are remarkably(largehen,
1995). Very often, it is not possible to sample entiran 1% of the total area, so one must assurhéhgha
distribution of the specific emission rate is homogous, which is not realistic. Hamideh (2002) rogst more
particularly the problem of sampling the landfidlgg which can provide compositional data that ey b
significantly different from the composition reakynitted into the atmosphere.

Many authors mention also that the main odor prolé¢ a landfill is caused by the handling of thestt waste
(Karnik and Parry, 2001; Stretch et al, 2001). s ts an intermittent activity, the sampling oéthas that is
emitted at the landfill working face is particulagroblematic.

Some additional problems arise at the analysid.leve

Among the possible instrumental ways to assessdbg the analysis of the ambient air by gas chtography
and mass spectrometry (GC-MS) can provide the etratéon of the compounds of the odorous mixture
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(Gendebien et al., 1992; Bertacchi et al., 1997mbaia and Termonia, 1999; Bradley et al., 200wBo
2003). Nevertheless, GC-MS cannot be considerddeasppropriate procedure for field investigatiovirg to
the low concentration of many odorous compoundbkérenvironment and the lack of appropriate enrifim
techniques. Moreover, it is not suitable in oraeptovide directly the global olfactive perceptiddhen using
the GC-sniffing method (with an odor port at thel @fithe GC column), no individual compound actyall
provides the typical and unpleasant smell of tesHrwaste (Bradley et al., 2001). Moreover, sucthydioal
instruments are often bulky laboratory systems.

Recently, some attempts were made to use the @hcinose for the field monitoring of the landfidor
(Nicolas et al., 2000; Pardo et al., 2001). Suchn&ue leads to very promising results at thearetestage,
while its routine use to monitor on-site odor renmsathallenging. It notably entails the improve mafthe
quality of the used sensors: limit of detectionftdinfluence of water content, etc.

For the above mentioned reasons, one of the mpsggentative and the most frequently used waysesasthe
overall odor level still remains the sensory measwant using a panel of judges. Usually, the measemégoal
is the determination of the mean odor emissionfrata the whole landfill area, expressed in odat par
second (og's: the "E" stands for "European”, as defined leyEropean standard EN13725 (2003), later on,
this subscript will be used only if that Europetamslard method is applied). Such outcome can lafose
further evaluation of odor concentration percestpeevailing for typical climatic conditions. THanhg term
exposure is quantified in terms of a frequencycefusrence of hourly averaged concentrations abaextain
limit odor concentration.

For example, the 98-percentile for a given odoreniration, e.g. 5 @/m® (odor unit per cubic metre),
represents the contour line delimiting the zorghatground level where that concentration is exededore
than 2% in the year. In short notation: C98, 1%hew/m°. Here, "1 h" means that the concentrations arelyou
averaged. This measure of exposure is calculated fine estimated or measured odor emission rate the
source, using an atmospheric dispersion model.

Knowing that 1 og/m® corresponds to the odor detection threshold, itiquéar, the C98, 1 h = 1 elm®
percentile shows the limit of the area beyond whiehodor is perceived less frequently than 2%heftime.

A first way to estimate the overall odor emissiaterfrom a diffuse source, like the fresh depasitsunicipal

waste, is to use an isolation flux chamber (Reinbial., 1992) or a portable wind tunnel (Jiand Kaye,
1996) placed on the landfill surface to collectagasvhich are then transferred to a Tétkaag for subsequent
testing by olfactometry. Dynamic olfactometry (eEgiropean standard EN 13725) is the method by which
different dilutions of the gas sample are dynangalesented to trained odor assessors to determénedor
concentration of the original sample (ineoua®).

The combination of surface sample collection aridovdmetry provide both the concentration of odooi/
m?) and the volume air flow (in #s), the product of which is the specific odor esitia rate (in ogs).

However, as already mentioned, such point samptings the large and heterogeneous area of theillesitéf
pose the problem of the representativeness oethdting emission rate. Moreover, it is imposstbl@stimate
the flux of the odor emitted when handling the doViaste, or the one generated by the waste traffictby this
method. Hence, the result provided by the methaxhig a part of the total odor emission rate.

Alternatively, the determination of the odor emissiate can be based on global field measurenadiigt
account of the real perception of the odor in t@renment in the surroundings of the source. Asjiile
approach is the method of the sniffing team obgs&ms, which utilises experienced people to evalubé
maximum distance from the source at which the dglperceived. "Experienced people" means operatibins
reliable olfactory performance who always apply shene sniffing procedure. The results of a dozesuoh
measurements allow calculation of the typical cgloission rate with a dispersion model (Van Langeeland
Van Broeck, 2001). Sniffing team methods have sath@ntages over instrumental and olfactometric
measurements. The main advantage is that thewavigld measurements, by which the global impé¢he
source is evaluated, allowing consideration ofudiff, surface and less clear sources, such as heaasténg or
transportation. Furthermore, these methods retffecactual perceptibility of the odor in the enwinzent.

However, the sniffing team observation method plssents many limitations. That is chiefly the aifthis
paper to describe them in detail. Firstly, it makeslamental assumptions: it is valid only if bttt
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meteorological situation and the odor emission afovary too much during the measurement period. Wéste
odor around a landfill site is actually emitteddéscontinuous puffs, depending on the activitiestanlandfill
tipping face. Moreover, often accessibility probteim the surroundings of the site do not allow vguick
observations. If the measurement takes about ath,the meteorological conditions and the emissid@ can
vary significantly.

The present paper discusses the applicabilityettiffing team observation method to estimateatioyance
zone around landfill areas. It is based on 52 nreasents made on five different municipal solid vedandfill
sites in

Wallonia, in the South of Belgium. The causes eféltimation bias are identified and the relativers are
estimated by a sensitivity analysis. The main tapithe paper is the discussion of the applicgbditthe
methodology to diffuse and discontinuous odor sesur@ he results are only supplied for illustrajomposes.

2. Methods and case studies
2.1. Sniffing team method

The sniffing method, as applied by the Departmé@rganic Chemistry at the University of Gent, esdribed
in detail in Van Langenhove and Van Broeck (20@ne or two observers are firstly familiarised witie odor
emitted by the source. If necessary, the olfagtieriormance of new and unexperienced observersmay
checked against-butanol, considered as a standard reference adplilee for dynamic olfactometry (Van
Harreveld and Heeres, 1995).

Then, they detect the odor at different pointsalaygzag movement around the axis of the plume. The
transitional stages from no odor perception to quoception are recorded on a detailed map, sdtbhaidor
area can be plotted and the maximum odor percegistance can be determined. By definition, therodo
concentration at this maximum is 1 od/iBtrictly, this definition is only valid when thigorous procedure of
olfactometry, according to EN13725 standard, ipeeted. The detection threshold may be differetitén
environment than in laboratory conditions. Howewee, will consider that 1 ou/heorresponds also to the
perception threshold for the present method. Tadaaoy confusion, we will not use the "E" subscopt
ou/m?, valid only for the European standard method. I$gof that unit is further examined in Section 4.

As the size of the odor perception area also dependhe meteorological situation at the time ef th
measurement, the wind direction, the wind speedlamdolar radiation (or cloudiness) are simultaiso
recorded. The two last parameters allow deternunaif the atmospheric stability using the Pasctibility
class system (Pasquill, 1974).

Then, a bi-Gaussian model, adapted to simulatedbe perception, is used with the average valudsase
meteorological data. The emission rate enteredtidanodel is adjusted until the simulated aveiagpleth for
1 ou/n? at about 2 m height (the height of the human nfisethe measured maximum perception distance.

During that first step of the procedure, the masl¢hus considered only as a measurement tooldk-talculate
the short term odor emission rate. The latter éxlues a best-fit parameter for correlating predieted observed
impacts at various spatial locations around the sdarce. At least 8 or 10 measurements per s@uece
performed in order to take account of possible@@@sand meteorological influences and emissiorafdity.
The more different the stability classes, the wdivéction and the wind speed are for the variouasugeements,
the more representative will be the average result.

During the second step, the mean value of the @nisate over the measurement campaign is chostireas
typical emission rate for the studied site. Ituglier used to extrapolate the simulation by theeshi-gaussian
model to a typical reference year and to calculaepercentiles allowing the assessment of a lerrg t
dispersion plume, which can be used to delineatnaonyance zone.

2.2. Operating conditions

The sniffing team method was applied to five lalhdfieas in Wallonia (South of Belgium), which isesion
characterised by quite homogeneous climatic camitiwith prevailing wind directions NE and SW. té
sites (Mont-Saint-Guibert, Hallembaye, Champ-detBeant, Cour-au-Bois, and Froidchapelle) are diffeie
size (capacity from 0.8 to 5.3 million®nin topography (from almost flat environment fig/st hills) and in
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neighbourhood (always in rural areas, but from ahmone to about 500 dwellings in a circular zoh& km
radius around the active tipping area). Typical®.D00 ni of waste are deposited per year on the landéhsr
All of the landfill sites predominantly receive mdaipal solid waste, which is immediately spread and
compacted with suitable engines. There are no atther sources in the immediate surroundings osthdied
sites, except in the case of Hallembaye where diog @emissions of a hen house cannot, however, hieised
with those of the fresh waste from the landfill.

Observers were trained by the same person primegsurement campaigns, in order to be sure that gdem
use the same procedure: detecting the same odiitygoansidering the same minimum puff duratioridve
acknowledging an odor point, staying about the sdumation at each location, etc.

Odor measurements were carried out in the middtheotlay, between 10 and 14 o'clock, when the fresh
garbage was not covered by a capping yet. A desidgrsystem is available on almost all of the ldhsites,
but the atomisa-tion of the masking or the neugiradj agent was always stopped at least half an ltefore the
beginning of the measurement.

About 10 measurements were carried out on eaclillsite, with a total of 52 measurements, at eliént
periods of the year. Each campaign for a givenvgite conducted during a period of 1 or 2 monthe §thdy
was made in the frame of a follow-up monitoringatiflandfill sites in Wallonia, initiated by the Mistry of
Environment. The typical duration of a sniffingléienspection was from 20 to 60 min. Each timepetgble
meteorological station was placed on an elevatadeplclose to the tipping area, and wind speed] diirection,
solar radiation and temperature were recorded @stiper min. For each observation, the stabilitgclaas
deduced from the Pasquill table. The informatioawttthe height of the inversion layer was not aldé and
therefore was not used.

Data was processed using the TROPOS model (Odo-@astada). It implements a bi-Gaussian formulah wit
suitable corrections to handle odor. It is well Wmo however, that for dispersion modelling of odahe
Gaussian model is inappropriate because it givgstmurly averaged concentrations, whilst the human
response time for the detection of odor is typicafithe order of 1 s. This suggests that accurdte prediction
could require resolution of concentration fluctaas on time scales of about 1 s (Pagé and Guy,; Bigatch et
al., 2001).

Some corrections can be applied to the Gaussiaelnmmodrder to reflect the annoyance generated by
concentration peaks (Turner, 1994). TROPOS implésttie meandering model of Gifford (1959), supeggos
to the Gaussian plume. The idea is to considenstamtaneous plume that meanders between theolimit
Gaussian boundaries. By combining the Gifford mad¢he Gaussian model, it is possible to take aetof
both the evolution of the concentration fluctuai@mnd the resulting homogeneous plume (Pagé andlGay).

Finally, the percentiles were calculated for averelgmatic conditions available for the closestaytic station
of the Belgian Royal Meteorological Institute (BRMThe meteorological file was deduced from a maiion
of BRMI (Van der Auwera, 1991) where frequencie®oturrence were calculated for each combinationdw
speed class/wind direction sector/stability cldssR2 synoptic stations in Belgium, on the bagiatwout 40
years of hourly observations. To respect the TRORE8irements for the input data format, each o$¢h
meteorological combination is repeated as separatd records, as many times as its occurrenceeBRMI
file.

2.3. Specific approach

If the sniffing team method were applied as desdribove, with only one mean meteorological obsienvdor
the measurement period and only the maximum pearegdistance, the deduced emission rate of larsifgls
may be underestimated. The intermittent charadtdreolandfills odor emission and the variatiortiod wind
speed and direction during the measurement per®ddcually not taken into account by an average 1
observation.

Consequently, we adapted the method to work witih $ugitive emissions and such difficult accessssit

Firstly, during the walk around the site, pointsendnthe odor is perceived are noted on the mapnWhee
observer sniffs only a puff, he passes a secomdenm a third time to confirm his perception. A tathabout 20
measurement locations are investigated in this Wwagxploring particularly the zone where the odamishes.
At each location, the observer sniffs during 1 oni@, and he notes if an odor is perceived or not.
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Then, all the recorded meteorological data is edt@nto the dispersion model, not only the avei@uyes.
That manner of using the model is explained initet&ection 4.

The procedure consists then in adjusting the earigsite by trial and error so that the 1 otisopleth
surrounds at best all of the "odor" points on trepnAlthough the method is adapted to the variatmfithe
wind direction, measurements are discarded whewithe direction is too variable.

3. Typical results

Although the landfill gas (LFG) odor was sometirpesceived on some sites, the sniffing concernetusxely
the fresh garbage odor, which was, by far, thengest odor during activity periods and which geliera
corresponded to the complaints in the surroundirg.aLFG emissions are actually due to imperfemitiyght
extraction wells. For all of the investigated sjteBG collection networks are very efficient and@Bdor was
exceptional and only locally detected. Howevert giws the importance of the familiarisation af tibservers
with the typical smell of the source. In our caseny different odor characters could locally becpared on the
same site: the sour smell of the fresh waste,®sitkly sweet smell of the LFG, or the "rotten-egdor of
leachates, or in some cases, the odor of the cdraped as capping material or the one of sewagkgslu
temporarily stored on the site. After a short tiragn the observer can easily distinguish all ofader qualities.

Fig. 1 shows a typical 1 oufrisopleth estimated by the TROPOS model and inotmtiat best" the "odor"
points as identified in the field at Froidchapellde details of the meteorological conditions aveg on the
figure. The standard deviation (sd) of the windediion is calculated by the Yamartino method (Y&dmar
1984). The stability class is estimated accordinthé Pasquill scheme. The measurement took alSounii
during which five trucks tipped waste on the wotkarea represented at the bottom-left by a shadgdan.
The arrow indicates North. Black circles are thddit points and crosses are some "no-odor" poanky those
which are close to the limit are drawn).

Fig. 1. 1 ou/n Isopleth as estimated by the TROPOS model fodEhzipelle landfill and including at best the
odor points identified in the field (black circlahd not the points where the odor is not perce{eedss).

wind origin : S-W
average wind speed : 5.3 mis

sd wind direction : 10.8°

sd wind speed : 1.26 m/s +
stability class : C-D
trucks : 5

duration : 40 minutes

200 Meters

"\\Odour emission rate :
44 352 ouls

The maximum distance of odor perception in the vadirdction is about 450 m from the centre of tippitig
area. By trial and error, using the TROPOS modeladjusted an odor emission rate of 44,352 ows@und
nearly all the "odor" points and avoid the "no-ddaoints. Here, the 80 meteorological observati@torded
every 30 s during the 40 min sniffing period aréeegd into the model, leading to plume shape azel si
corresponding well to the observed one. In thig castering only the average values of the clinadiameters
for the whole measurement period should producetahe same adjusted emission rate and similar glum
shape.
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Fig. 2 shows a different case, for the landfillGifamp-de-Beaumont. In this case, the measuremanBt min,
because the access to the surrounding area waddiffaralt than at Froidchapelle. The climatic cdtmhs were
also more changing than the previous ones: oves&gsstandard deviation of the wind direction 30@n the
figure, the continuous line represents the 1 digopleth adjusted with all of the 170 meteorolagjic
observations, and the dotted line represents the'tr isopleth for only the average value of meteoralabi
parameters, leading to the same maximum distanite iwind direction. Now, the shape of the two Ieths are
quite different and the adjusted emission rataHferaverage condition is about half the one adjulsteall the
observations.

Other isopleths adjusted from the 52 measuremeatstb various shapes between these two extrersesy bl
of the meteorological observations and consideaihgf the investigated sites, the deduced emissites are in
the range (8750, 137,500 ou/s). As mentioned befbigtypical emission rate results both from diffuse odor
emitted by fresh garbage deposited on the worlaeg {area source) and from the waste handling and
transportation. Anyway, by dividing each emissiaterby the estimated surface of the tipping areadoh
landfill site (i.e. from 1500 to 500049y an equivalent emission flux can be assessedreleet 8 and 30 ou/s.

Fig. 2. 1 ou/ni Isopleth as estimated by the TROPOS model for @raerBeaumont landfill. Black circles
indicate "odor" points and crosses indicate "no-pdoints". Dotted line isopleth corresponds to thesrage
meteorological observation.

wind origin : WSW

average wind speed : 3 mis

sd wind direction : 30.4*

sd wind speed : 0.77 m/s

stability class : B

trucks : 15

duration : 85 minutes

'.’,_--.--
-
o
- ® ®

‘17 500 oufs:l.

0 200 Meters +
1

The maximum distance of perception varies from @3810 m, with an average value of 425 m. The aelfus
emission rate is poorly correlated with the numiiferucks arriving at the landfill site during teaiffing period
(coefficient of correlation from -0.11 to 0.54 falt of the measurement campaigns). That provestieaddor
depends on other factors and not only on the fya#hped waste volume. We observed that the hagdffort
of fresh waste often was the most important cafiselor releasing.

With the adjusted emission rates, the dispersiodahcalculated percentiles of 95, 98 and 99.5 epweding to
the limit of perception of 1 ouffrfor the typical climate of the region, on an hgusis. The resulting area for
percentile 98 (C98, 1 h = 1 oufpis a kind of ellipse with a major axis of 1200680m oriented along the
prevailing wind direction and with a minor axisaifout 800-2100 m. Fig. 3 shows such typical peileenwhich
can be drawn on a digitalised site map in the bemkyd. The figure is just an example and illussate
"Champ-de-Beaumont" landfill. If the buildings drighlighted on such graphical view, it is possitileount

the number of residents who are potentially anndyethe odor. In our studies, we considered thres as the
odor nuisance zone.
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4. Discussion of the method

4.1. Method validation

The estimated emission fluxes are coherent witkratbsults found in the literature. Karnik and R42001)
cite different measurement exercises, ((Freche®5)l8nd a study of OdourNet UK Ltd in associatiathvBiffa
Ltd). The combined results show that the procesgaste deposition leads to odor emissions in thge@f 60
ou/ nfs, which decrease to values between 1 and 25’stdifimareas of uncovered waste where disposal has
ceased. Odotech Inc., Canada (Odotech, 2001), nesbshe odorous emissions on a Canadian landflssid
values of 2.6, 5.4 and 3.5 ofsnwere found for old waste, for mixed waste, andtie truck waiting area,
respectively. Odor emission rates quite lower thars are measured by all authors using an isol#itian
chamber to collect specific samples on the wastesat Bowly (2003) finds 0.3-0.5 oufsnand Sironi et al.
(2003) measure 2 oufsifor freshly tipped waste and 4.5 otgrfor freshly tipped sludge during summer.
Concerning the overall emission rate, a study cotetliby Certech asbl (Belgium) on one of the faredfill
sites presented here (Mont-Saint-Guibert) leadswalue of about 34,000 ou/s for the total emisside from
all area sources of fresh waste odor, using rdtbavy sampling (isolation flux chamber, carrier ggeder,

Tedlaf bags, for about 10 sampling locations) and olfaetisic measurements. For the same site, we found
30,146 ouls.

Fig. 3. Typical percentile 98 for 1 oufmesulting from TROPOS simulation with average alimconditions
and illustrating the "Champ-de-Beaumont" landfites

STy e T

Another way of assessing the robustness of theadethto verify that the annoyance zone, as definethe
percentile 98, actually corresponds to the areaavbemplaints are recorded. For the five sites)dbation of

the complainant houses are indeed always insideahe defined by the percentile. At Cour-au-Boishsu
verification is based on about 2000 observationdent®y the residents and by the landfill staff. ieatarly, one
observer, living at about 500 m from the tippingarregularly noted his perception. After 1 yearsimelled the
odor of fresh garbage 18% of time. From our esionathe percentile running through his house i85 @8r 1
ou/nt), corresponding to a waste odor perceived durtg bf time. The agreement between both percentages
is good, but it can only be considered as a firdiciation since the odor observations made bydbiglent are

not continuous. At least, it is concerned aboutsdrae odor emission as the one we have measuieijdacthe
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observer sniffed only at precise hours during smalfill activity period.

No further validation can be made with the colldadata set itself. For the same facility, the erorssate varies
from day to day, so that a given adjusted emissatacannot be used to check the predictive alafithe
model for another day.

Therefore, the continuation of the discussion gags not go deeper in the processing of the abmsepted
data but it essentially discusses the limitatiohihe applied method. It identifies and quantifies various error
sources and suggests optimal use of the sniffiagn teethod for landfill odors.

4.2. Influence of the human sensitive perception

A first cause of error is connected to the subyectiharacter of the human nose perception of toe. od
Moreover, for reasons of availability of persongtaf research staff, the sniffing "team" was oftetuced to
two observers, and sometimes to only one. So, wemilploying trained operators, the used method diduffil
all the requirements of the German or Dutch guiedidescribing odor measurements with smellingdsjua
(VDI, 1993; Anzion et al., 1994). That could make bbtained results questionable.

The research group ENVOC, from Gent University algdlum experienced the sniffing team observation
method in a very great number of different casesthay conclude that one single observer is sefficsince
the difference in observed maximum perception digtdor different observers is only 10-15% (Moottggal.,
1992; Van Langenhove and Van Broeck, 2001). Owaeh confirms such values: we investigated a aimil
method with student teams in different cases, coafgpa to the one of landfill site, and the rangéhef
estimated values of the maximum perception distaneeng all the observers was always within 10%.

On the basis of the 52 studied cases concernimdfillasites, such error in the maximum perceptiastahce
gives rise to an error of 20-30% on the estimatibthe odor emission rate, as adjusted by the m&imh an
error generates in turn an error of 13-20% on iterg of the percentiles calculated with the typica
meteorological conditions.

4.3. Error in the estimation of the stability class

The stability class (from A to F, according to thasquill scheme) is one of the parameters to whielmodel is
the most sensitive. The present study bases thiitstassessment on the wind speed and solartradia
measurements as well as on the personal cloudistissation of the observer.

Assuming that we can mistake two adjacent stalilagses, the error generated on the adjustedemdiesion
rate should be about 30%, inducing an error of 20%he percentile size. However, with the methogyplo
recommended in the present study, every meteoabgbservation is entered as input data in theeindd a
stability class is estimated for each observatismay expect that the errors of estimation withptement
each other when adjusting the overall odor emissate and so the error in the result should neaxtysh.

4.4. Influence of the choice of the model

Besides errors ascribable to measurement, thesg epistream from the study, errors due to thecehof the
model type and to the one of the computer code.

First of all, we may question the choice of a bu&san-like model, neglecting the topography amddynamics
of pollutant transport, for reasons of easinessddridformation availability. It is very difficulto estimate the
error due to this choice, because another choizeldgmot necessarily constitutes a more relialfieremce. For
example, a numerical Eulerian-model, implementhgequations of the fluid dynamics, allows takifighe
topography into account, but it requires the knalgke of a great number of parameters whose estimatialso
subject to errors.

Our personal experience shows that the bi-Gausstatel is sufficient for a rather flat terrain amd & raw
estimation of the odor emission rate (at 20-30%) tannot be measured by a direct method.

Nevertheless, it is well known that the effect omplex terrain is a factor complicating the preidictof odor
dispersion in the specific case of landfills (Stheet al., 2001). Many landfills are deliberatdtyated in deep
valleys for practical and aesthetic reasons. Hédlyain can affect the local turbulence and consetiy the
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mixing and the odor dilution, but few models aréeab handle such complex terrains.

A brief study carried out for the site of Champ®Beaumont with the Eulerian 3D-model IBSUrban (Getpa
seems to show that the relief influence is chiefgrked in the immediate surroundings of obstatlesit does
not modify considerably the size and the shapaetalculated percentile.

An additional error can be induced by the choicthefspecific algorithm used in the model to sirtmila
specifically the odor dispersion. Turner (1994)gweed a peak-to-mean ratio which can be used asecton
factor to modify the averaging time of the concetibn. Some computer codes propose simply a fa€tor
correction (i.e. the odor concentration is 10 tirresgas concentration calculated by the clasSeaissian
model). TROPOS uses a meandering model combindudtiét Gaussian one.

With respect to such coupling of the algorithms, plure Gaussian approach leads to an adjustedceadssion
rate 52 + 4% higher for our 52 measurements.

The differences in the adjusted emission ratescdedioy the correction algorithms are rather impurtaut, in
terms of averaged percentile, the differences batweodels lessen when the same model is useddathust
the emission rate and to calculate the percernttil¢he typical climate of the region. That is arportant
outcome for such a method: as long as the inteatedésult, i.e. the odor emission rate, is notaitqul, the
choice of the model is not really restricting fbetestimation of the average annoyance zone.

4.5. Influence of the frequency of the meteorokgibservations introduced into the model

The choice of the model is important, but the whysing it is essential and can lead to significambrs of
estimation of the odor emission rate and of theesponding percentiles. As stated before, theisgittam
method is based on hourly averaged meteorologlts#rwations, as the Gaussian-type models are fealid
averaging times of 10-60 min. We propose herettodiuce all of the meteorological observationsprded

with a frequency of one every 30 s. This mannepglying the Gaussian-type model is questionahle. |
particular, the stability class is a notion havarg'inertia" and its effect on the odor disperdioes not change
two times a minute. However, as shown in Fig. 8,ttou/ni isopleth calculated with all of the meteorological
observations seems more realistic than the houdyaged one, with respect to field observationsotiucing

all of the available meteorological observationsially leads to less sharp isopleths.

Using only hourly averaged meteorological obseoretipresents indeed some drawbacks.

« If the main wind direction is not correctly iddied by the observers at the beginning of theatkythey can
go in a wrong direction and indicate a maximumatise that is not in the main wind direction.

» For measurement duration of 40-80 min, this mmaxn perception spot fluctuates with time and ia$
always possible to reach it before the wind diettthanges.

* The bi-Gaussian model is very sensitive to wane of the stability class. If the actual estiethtiverage
stability class is between C and D, as the modes chmt accept intermediate classes, the choiciéhef € or D
can generate a significant bias.

Introducing into the model all of the meteorologichservations, as well as all the "odor" spotsids these
problems. Taking account of all of the wind direas, all of the wind speeds and all of the stabdiasses
really observed during the measurement is moréstalThat results in averaging the final resilthee model
instead of averaging the input data, and partibutarreally average the effect of the stabilitasd.

Using only one mean meteorological observationace of all resulted in reduction of the adjustedssion
rate by 47 £ 17% on average on the 52 studied c@aedurse, this reduction should vanish if altlod
observations were similar during the measuremembghebut it should tend to increase with the fiattons of
the meteorological parameters. That general treiltistrated in Fig. 4 where the reduction of #mission rate
(in %) is plotted against the standard deviatiothefwind direction for the 52 cases.

4.6. Influence of the choice of the isopleth idedito the perception limit

In the present study, we have adjusted the odasséoni rate so that the 1 ou/imopleth surrounds about all of
the "odor" points identified in the field. We hatveis considered that the "odor" spot at the maxirdigtance
from the source corresponds to the odor percefti@shold. We could consider another isopleth, sscthe
one corresponding to 3 ouinknown to be the recognition threshold. The obeseiv the field follows indeed
only the studied odor, and thus, he has to recegniflternatively, we could also consider thelsr’ isopleth,
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which is the annoyance threshold. Such alternativgces lead to very different adjusted odor eroissates:
three times more important for example for the 8rdusopleth with respect to the 1 o/one. That is really a
tricky choice. A nice manner to dodge the issuuggested by Van Lan-genhove and Van Broeck (208i)
do not use the odor unit per cubic metre but agmexis'sniffing unit per cubic metre" (sufjrto avoid
confusion. The adjusted odor emission rate is thgmessed in su/s and the calculated percentitesmonds to
su/nt. From a pure scientific point of view, such an m@eh is more accurate and irreproachable. Thelgrob
with our studies is that they are often carriedindhe frame of the granting of exploitation licess for which
the reference values for enforcement are expraéssatbr units. The need to compare our results sotine
external references can justify the risk of expresthe results in odor units. As stated abovewiligust avoid
use of the "E" subscript of gim® to explicitly mention that it is not the stand&dropean method EN13725
that is applied. In all events, in so far as thénegtions are coherent from one measurement cgmpai
another, results can be used in a relative wappoadse the differences between various situatidastated
above, it is encouraging to note that the obtaowm emission fluxes from landfill areas are of $aene order
of magnitude as the ones obtained with other mathod

Fig. 4. Increase trend of the difference between the agrdindividual observations" and "average climabe"
function of the standard deviation of the wind diren for the 52 studied cases.
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4.7. Other influences
Some other minor influences can be cited.

The used models always make the assumption thalt sgieed and direction are measured at 10 m abeve th
ground level and far away from any obstacle. Thklfieality is sometimes a little bit different. Birement is
always carried out on an elevated point (in genamaa hillock close to the tipping area), with asirtaeight of
about 2.5 m, so that the actual measurement h@idloick height + mast height) is not always exadtd m.

The maximum error can be calculated for the waase¢when estimating a measurement height of 10 m
whereas it actually was only 2.5 m. Then the ougnedion of the wind speed is about 25%, which gixise
also to a systematic error of 25% on the adjustid emission rate. However, such false increaskeofvind
speed is concomitant with an overestimation ofdaihetability, which tends to lower the adjustedssion rate
and thus compensates the effect of the sole wieddsgdt can be estimated that the maximum resietuat is
less than 5%.

The pollutant plume can progress upwards from éfease height until the mixing height and downwanots
the ground. The usual way to handle such limidigpersion modelling is to consider that both bauies act
as mirrors and thus that the plume undergoes brégtaction on them. Neglecting the presence pbssible
inversion layer does not affect the final resulice the influence of the inversion layer appealy &or
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extremely low mixing heights, which were never alied during our measurements.

In the case of the odor generated by waste onddillearea, the release height is generally estadatt O m and
the plume rise, eventually due to building or bumyaeffects, is neglected. As the odor is actuadlgased from
a garbage heap, sometimes relatively elevatedregbect to the surroundings, and as the emittezssgas
sometimes at a temperature above ambience, suglifaiations could also generate specific errorghom
results. By modifying in the model the release hefgom 0 to 5 m and the emission temperature 80 to
400 K, no discernable difference was noted on thigsted odor emission rate.

Dispersion models simulate a diffuse emission bgtavork of point sources, evenly distributed inodygonal
zone defined by the user. In the case of landfdks the active tipping area is not a well deledizone. It is
generally approximated by a rectangular zone (.50 m x 50 m), whose length and width do not gkvaoint
to the exact azimuth directions. By modifying tieesof the diffuse emission zone from 900 to 36Gtand the
type of polygonal shape (rectangle, square trafigaagle, etc.), the error generated on the epnssite was
less than 1%.

4.8. Summary of the various errors

Table 1 summarizes the various identified errobthrir effect on the adjusted results, for thes@lied cases
on landfill areas. The sign and the relative vaifithe considered error are evaluated with resjeitte choices
of the present study: Gifford algorithm coupledhntite bi-Gaussian model, no reflection on the ngayer,
etc. The first five errors represent the rangeasiSible values inside the proposed methodologyesimation
errors. The five remaining ones correspond to djz@ncies with respect to the proposed methodoldggnw
other choices are made, i.e. methodological errors.

Table 1. Summary of the identified errors and of their effen the adjusted results

Cause of theerror Error type Relativeerror of Relative
the odor emission error of the
rate percentile
Estimation errors Field sensitive perception Random, in both directions +10 to +15% +7 t0 +10%
Height of measurement of Systematic, over-estimatio +5% +3%
wind speed and direction
Estimation of stability clas: Random, in both directions <5% <3%
Release height and plume Systematic, under- <1% <1%
rise estimation
Size and shape of the Systematic, the direction <1% <1%
diffuse emission depends on the emission
zone
Methodological Choice of a bi-Gaussian ? ? ?
errors model
Choice of an algorithm to Systematic, the direction -85% to +52%  -60% to 35%
simulate the odor depends on the algorithm
Frequency of Systematic, under- -47% -31%

meteorological observatiol estimation if average
entered into the model meteorological conditions
are considered
Choice of the isopleth Systematic, the direction -46% to +300% -30% to

identified to the perceptior depends on the chosen +200%
limit isopleth
Reflection on mixing layer Systematic, under- <1% <1%

estimation
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5. Conclusions

Among the above listed errors, those which aretdueethodological options are by far the most ingoatr
ones. Itis clear that such a method, involvingabbt the use of a model, leads only to approximate
measurement results since it is based on a crpdesentation of the reality. Such methodologicedrsrmust be
pointed out to show the limits of the approach smcklativize the importance of the field obseroas.
Nevertheless, they should not be considered icdlmilation of a confidence interval around thénested
percentile. If all the methodological options arelvargued, they define the exact frame of the usethod and
one must only care about the biases induced bytiens with respect to this reference method.

Those considerations do not prevent the metho@ improved when it is possible. More particulady,
significant finding is that the Pasquill stabilitiasses scheme does not offer a sufficiently fas®lution to be
used in the Gaussian-type models (or a least it camsputer codes) when a single hourly averaged
meteorological observation is used to adjust am edussion rate.

The validation of such a method is not easy: thssion is discontinuous and diffuse. The validafionall of
the weather situations and various emission typhesld request substantial amount of work and money.

The results of other similar studies could be Usedn attempt of validation of our own method, faw
scientific papers or technical reports providettadl data required to apply the model. In the apigesdf a
study concerning livestock odors carried out bylméversity of Gent (De Bruyn et al., 2001), a &aglves the
maximum distance of odor perception, the averageanelogical conditions prevailing during the measnent
period and the odor emission rate as adjustedéyntidel. Applying the TRO-POS code on these datia tive
above mentioned hypothesis leads to adjusted emisaies nearly equivalent in average to the ob&sireed by
the group of Gent. Some point results deviate muBB5% from the original emission rate, but ibigy
observed for unstable atmosphere, because thessingeof stability classes by the used model issmattly the
same as in TROPOS.

To sum up, we may conclude that the proposed methpebved reliable for the determination of petdes of
the odor perception threshold exceeding for typitiahatic conditions. All errors induced on thedimesult,
especially the methodological biases, are veryaedif the intermediate result, i.e. the odor emissate, is not
exploited as output variable and if the same moaigh the same hypothesis, are used both to atljast
emission rate and to calculate the percentileholgh the described method is particularly wellpted for
perturbed climatic conditions and fluctuating oéarmissions, its reliability is maximum for ratheeatly
situation and when the detection of limit pointgasried out as fast as possible.
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