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ABSTRACT

A specific formula to calculate separation distafioen piggeries and poultry facilities to sensitiezeptor is
developed for Walloon Region, in Belgium. The papeefly presents the main principles of the forenahd
discusses more deeply the compatibility of theagisé approach with odour units, odour rate andepéiies
usually applied to assess the odour annoyance zAmasthod of validation is presented and testealdjast the
different parameters of the formula to Belgiandietality. A total of 43 farms of which 21 piggesiand 22
poultry facilities are visited and, for each céabe, distance calculated by the formula is comp&vdte one
deduced from odour annoyance criterion (10 6Lan98th percentile). Validation work results isalissing the
sensibility of different factors of the formula aedpecially in adjusting a fitting factor to mattie absolute
distances to real field annoyance impression. Gmhs show that both approaches - separatiomdista
formula and percentile evaluation - are coherehé Walidation method allows parameter adjustmehsbauld
need further refinements to examine separatelygpigg and poultry facilities.

Keywords: Odour management, Setback distance, Atmospheapediion modeling, Pigs, Poultry

1. Introduction

The intensification of agricultural enterprises amdan development has led to an increase in ctsiftietween
farmers and residents. Such conflict arises mdiniy the odour generated by animal husbandriegcgsiy by
piggeries and poultry facilities.

Good planning is a major contributing factor toyanet complaints and to minimise instances of incatiybe
residential areas locating adjacent to agricultaparations in a manner that inhibits normal faigrpnactice.

Land use planning guidelines generally includecdleulation of a minimum separation distance, dfdswzone,
between the agricultural enterprise and the classstential area. A lot of formulas are proposethany
countries and comparisons between national guielelme extensively discussed in the literature (&uwd.,
2004; Preston and Furberg, 2006; Schauberger, 04l1 ; Van Harreveld and Jones, 2001 ).

All models aim at assessing a minimum separatistadce using an equation with a number of factas t
depend on the type of animal, the size and chaistits of the operation (e.g. type of manure) padsibly
topography, landscape or meteorology. Though beimgently applied for everyday legislation purpabese
simple formulas still need further validation agdimore sophisticated dispersion models or againsbmes of
surveys in the surrounding area of livestock buoidi Most guidelines were already empirically dediwn the
basis of practical field surveys (VDI, 2001), soaieghem were analysed and sometimes adapted bgguést
studies (Bongers et al., 2001 ). Many interestingka compare also the buffer zone approach toreee a
delimited by a percentile calculated by an atmospltispersion model (Schauberger et al., 2001 ;gdagt al.,
2006). They constitute powerful tools for furthevéstigation.

The present paper concerns a study carried ohtifréme of a request of the Government of the &dall
Region in Belgium. It entrusted our research teath imventory and test of the various guidelindated to the
calculation of the minimum distance to recommenivben livestock buildings (especially pig and poult
breeding cases) and dwellings to ensure a levatodptability of the generated odour. Eight forrawdpplied in
various countries were examined and compared arsitisity study of the various parameters was utakem.
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That first comparison gave rise to the appreciatibtine various methodologies, according to criteelevant to
field reality, technical feasibility, applicability the Walloon region and coherence with the tlesasf odour
generation and dispersion. The study lasted ahoeg tyears, during which not only livestock managetm
processes changed, but also the associated evaluagithods and criteria have undergone furtherldpreent
and refinement (VDI, 2001). Recently, many coustpeoposed odour regulation based on the exposition
concept, evaluated by a percentile compliance eheggrobability for a given receptor odour concation
(see, e.g. http://www.odournet.com/legislation.htalnsulted in January 2008). Such policies, gédiyera
recommended for industrial odour sources, musblgpatible with the minimum distance formula propbse
agricultural enterprises.

On the basis of those various elements, an orifimaiula was proposed in 2006. The various parametethis
formula were adjusted thanks to field inspectidrgen, the formula was validated on real agricultura
enterprises. The complete development procedutteedbrmula is fully described in a technical repdlicolas
et al., 2006a). Only the main philosophy is outlitere. The present paper stresses more on theatibitity of
the distance approach with odour units, odouraatépercentiles usually applied to assess the atmoyance
zones. A method of validation is tested to adjostdifferent parameters of the formula to Belgiafdfreality.

2. Methodology
2.1. Case studies for formula validation

The proposed formula is inspired by the nationadelines applied in Germany (TA-Luft and VDI), iroland,
in Switzerland, in Quebec, in Austria and in therfish part of Belgium (Gent University and Flemish
regulation). It exploits the chief assets of eatthem: the factor dynamics of German and Flemigthwds, the
Dutch approach to take the land use categoriesactount, the type of equation proposed by Ausinithe
order of magnitude of distances calculated by AastrSwiss and Dutch guidelines.

The formula is validated on 43 farms, of which 2dgeries and 22 poultry facilities, distributed the whole

Walloon territory, with various land use occurresiCEable 1 shows the breakdown of studied casesding to
the breeding type.

The different cases are sampled so that aboutalitestock management techniques are investigatgdfully
or partially slatted floor, thin or deep litter fpigs, litter, open-air or cage housing for poulffiie farm
selection ensures also that every natural or fovesdlation system is represented. The numbeniphals
varies from 200 to 4000 for pigs and from 840 tO@® for poultry.

The final formula concerns neither open-air pigdoiiag, nor mixed-breeding (e.g. pigs + cows).
2.2. Validation methodology

The maximum distance of odour perception is deteethiat each field inspection. Then, a typical odour
emission rate is issued from an atmospheric digpersodelling.

The method is inspired by the "sniffing-squad"” ta@qghe, largely described and discussed in a previaper
(Nicolas et al., 2006b). It consists in trying &lideate the areal extent of odour plume downwiiithe
livestock buildings. Qualified assessors sniff tld@ur at different points by a zigzag movement adoilne axis
of the plume. The transitional stages from no ogmrception to odour perception are recorded oetaildd
map, so that the odour area can be plotted anchéixanum odour perception distance can be determBed
definition, the odour concentration at this maximisrone ou i (or, alternatively, one "sniffing unit" to take
into consideration the fact that the breeding odeuecognized and not only perceived). As the sizbe odour
perception area depends also on the meteorologpaalitions at the time of the measurement, the wind
direction, the wind speed and the solar radiat@rcloudiness) are simultaneously recorded. Thelasb
parameters allow determining the atmospheric stphising Pasquill stability class system. Thedjspersion
model, adapted to simulate the odour perceptiomses! with these meteorological data. The emissitsn
entered into the model is adjusted until the sitealaverage isopleth for 1 ou’rat about 2 m height (the
height of the human nose) fits the measured maximperoeption distance. Such back-calculation imdirect
method of assessing the odour emission rate afs#ifind fugitive sources, like breeding farms.
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Table 1. Cases studied during the validation phase

Livestock type Number of cases

Piggeries

Farrow-to-finish (closed-circuit) 9
Fattening 10

Sows with piglets 2
Poultry

Fattening chickens 13
Laying hens 5

Ducks (breeding or force-feeding) 4

That outcome can firstly be used to estimate tf®ipdmission rate of one "animal-unit" (e.g. ortéefaing pig)
and so, to compare the global distance methoddmgymore sophisticated technique using odour éoniss
rates.

But, for validation purpose, the total emissiorerigtalso used to estimate an "annoyance zoned, feal

average meteorological conditions for the studitdl Such zone corresponds to a given 1-h odouresgration

at a given percentile. For example, the 98th peiledior 5 ou n¥’represents the contour line delimiting the zone
at the ground level inside which that concentrattoexceeded more than 2% in the year. It may bed@ys ;1

< 5 oy m*. The calculated "annoyance" zone can be compartietzone delimited by the separation distance
estimated by the formula.

Different types of atmospheric dispersion modely e used both for back-calculating the odour eiossate
and for evaluating the percentile. In the framéhefpresent study, a simple bi-Gaussian model add@ptodour
dispersion (Tropos, from Odotech, Canada) was usadplements a meandering algorithm splitting the
Gaussian time averaged plume into an instantarsroafier meandering plume. The movement of the
instantaneous plume allows coping with the odowmceatration fluctuations. The model neglects the
topography, but is sufficient for a coarse validatof the formula. The percentiles are calculatrdaferage
climatic conditions available for the synoptic giatof the Belgian Royal Meteorological Institu@RMI)
closest to the farm. Data are available for nirghstations in the Walloon region which coverstaltsurface of
about 17 000 ki The meteorological file is a set of occurrencesambinations ‘wind speed class/wind
direction sector/stability class' on the basis@#® years of hourly observations.

3. Results and discussion
3.1. Broad outline of the formula

The separation distan&e(in meters) is calculated by the following formula:

D = afofe(Nfafr)" (1)

wherea is a "fitting factor" (see belowj, is the dispersion factof is the land use category factbris the
number of animald, is the species factak; is the technical factor andis an exponent.

This kind of model is mainly defined by assumptiohsassessment of odour annoyance acceptabilityfind
hemispherical odour dispersion.

* As for many other guidelineB, is a distance of annoyance acceptability, and mistance of odour
perception or of odour recognition. That means Ehattegrates all the odour dimensions (the so-cati&xDL
scheme, as suggested by Watts and Sweeten, 188f)efcy of occurrence, intensity, duration, offegizess
or hedonic tone and chiefly the social toleranctheflocal resident, i.e., the type of land use thedhature of
human activities in the vicinity of the odour soairc

» Hemi-spherical odour dispersion implies a cisti@ped annoyance zone when projected on a 2D-map. S
hypothesis is poorly reliable since footprint neskows a pure circular odour pattern around thecgou
However, that bull's-eye approach is sufficientdaroarse estimation for regulating purpose.

Important features of our specific model are tH%ing.
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» Parametew can be adjusted to fit the observed Belgian sibnati

« All the parameters are multiplicative factors tisat any variation range (from 0 to 1, from 0 €3.1) can be
chosen for them, the final distance will be adjddiga. Moreover, with multiplicative factors, sensitivity
analyses are easier.

» The specific choice is to select a variation En§0-2 for every factor; in such manner that this"average"
situation for Wallonia. The advantage is that cedypical distance estimation fidranimals is easily calculated
by putting all factors to 1. Specific cases arenthppraised by "correcting" those factors upwaodsvorse
livestock techniques or environmental conditionslawnwards for better conditions.

* The expression between brackets is the emissamtuife, depending on the animals and the activitgide the
farm itself. It has the same meaning as odour eonisste and may be compared to du®ther factors and the
exponent depend on atmospheric dispersion and @daeptability in the surroundings, i.e., the insius part
of the odour exposition.

« Particularly, exponent n of the power law copmstifie geometric plume expansion downwind the saurc
Assuming an ideal hemi-spherical dispersion shtedd to an exponent of 1. Applying bi-Gaussian nhodih

a linear evolution of t/3he standard deviationwilite downwind distance shows that, at ground Jekel
concentration is proportional to the square rodhefemission rate. So, a unique value of 0.5lexted for
exponenm.

Factorf, acknowledges the fact that some species produce outmur than others. Odour generation for each
animal is expressed with respect to the fattenigd70 kg, i.e., at finishing stage) for whith= 1, e.gf,= 1.8
for sow with pigletsf,= 0.025 for fattening chickefi,= 0.033 for laying hen. The order of magnitudehef t
equivalence factor is about the same as the ormeaanf other guidelines.

Factorfr is the more complete one. It is a measure ofdblertical equipment of the livestock building andtedf
breeding management. It is the product of a vaiiladactorf, (ranging from 0.3 to 1.4), a manure type, storage
and treatment factdy: (0.4-2.9 for pigs and 0.5-2.4 for poultry) and eadig factoff- (1-1.15). The technical
factor is an important one, its dynamics (the rapigiés variation) allows a huge variability of tbalculated
distances (from 1 to about 7 for pig productiohnay stimulate the farmer to adopt breeding tespines which
reduces the odour generation.

The dispersion factdp expresses the surface roughness of the environt&rfor significant hills and valleys
or relatively high and agglomerated buildings, df@dium relief with smooth undulating hills or dma
scattered buildings and 1.2 for low relief with@uty sharp discontinuity. It must be pointed out iNallonia
relief is not strongly perturbed, like mountainaseén Austria or in Switzerland. So, the dynamitfoemains
limited.

Thefg factor refers to 3 land use categories in Walloadgicultural zonefg = 0.8), rural character residential
zone {r = 1) and housing or leisure zorig £ 1.5). The land use category factor does not refénd livestock
building location, but to the house of the firstuad or potential resident with annoyance sensitifor pig
odour depending on his life quality expectation.

Table 2 summarizes the parameters and their nuaheaisges.

Table 2. Summary of model parameters and their numerigages

Factor symbol

M eaning

Valueor range

a Fitting factor 5 (constant value)
n Exponent 0.5 (constant value)
fa Species factor 1 = fattening pig

0.2-1.8 for pigs
0.025-0.050 for poultry

fr=fufieefe

Technical factor

f, Ventilation factor 0.3-1.4
foe=f ffe Manure factor
f Manure type 0.6-1.6
£ Manure storage 0.7-2.0
£ Manure treatment 0.7-1.4
f Feeding factor 1.0-1.15
f, Dispersion factor 0.8-1.2
fx Land use category 0.8-1.5
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3.2. Relationship with odour emission rate

The assessment of industrial odour impact zoneniglly conducted in two steps. During a firstqghdahe
global odour emission rate is measured by any ndefthgnamic olfactometry, sniffing-squads ...). Than
second phase consists in computing a percentiledor that odour emission rate and average clonati
conditions, using an atmospheric dispersion madé&rnatively, most livestock guidelines use enyati
formulas deducing the final distance (or bufferepdirectly from the number and type of animalsyie step,
without passing through the odour emission rate.

As mentioned above, the present work tries to ncakepatible both approaches. The expression between
brackets in Eg. (1) may be compared to an odous®ani rate.

A rough way of converting that expression into diissto assess the odour emission rate of 1 equivale
fattening pig (EFP) which is chosen as animal-ufor. such purpose, a mass of 90 kg is considerreithdéo
fattening pig (finishing stage).

A glance over the literature shows a huge rangeaiosed values: from 0.7 to 450 6ufattening pig-. Such
discrepancies may chiefly be attributed to the et@h of odour measurement methods. Earliest ssuntie
guidelines were based on very low odour emissitapar animal. For instance, Dutch 1985-odour pdidin-
isteries van VROM en LNV, 1985) considered 2 dda a fattening pig. Later, De Fré (1994) consatkthat
value as underestimated and proposed 5'd&F$". At the end of nineties and after 2000, odour mesment
methods were more standardized, leading e.g. tog&an EN13725 standard for dynamic olfactometrgeRe
investigations on pig or poultry houses report bigialues, typically 20...600u" €FP* for pig production and
10...200u $ EFP* for poultry facility. A significant number of papeare found about livestock odour emission.
Guingand (2003) presents the results of a liteeagurvey showing that odour emission ranges frafid100

ou s' for the equivalent of a 90-kg pig. Defoer and \tamgenhove (2003) measured mean values of 63 ou s
for fattener in closed pig farms and 21 duar fattener in fattener farms. Miiller et al. (B)@ive values from 2
to 20 ou & for ducks, hens and broilers converted to 1 faitgpig. Hayes et al. (2006) give also values for
poultry production units which could be convertetbi41-48 ou$s EFP™.

Another cause of discrepancies in emission vakiéisel fact that the odour is not only proporticioathe animal
mass, but depends also, for an equivalent masts type and on the breeding management techniguke
formula, the conversion by factdisandf; is an attempt to correct the initial odour emisgiate derived for
fattening pig, but with many uncertainties.

For further validation purpose, the average vaf@0oou §' EFP* is considered.
3.3. Odour annoyance criterion

The development and the selection of a reliablauwpdanoyance criterion are complex. Many different
techniques for developing such a criterion existiding questionnaires and telephone surveys (Hetyak,
2006). In many countries, the exposure criterindaespected near the receptor is translated inteerical
value as an odour concentration (in od)mith 1 h averaging and a given percentile conmaiéa That is a
makeshift solution, which could be questionabléheiiberger et al. (2005) conclude that meteorolbgica
statistical observations are not sufficient to aag buffer zones around odour sources. Resultsoaroherent
with various odour statistics and odour impacteti@ should be based not only on statistical lintitg also on
annoying potential of odour due to the behaviouhefneighbours. Nevertheless, some works aimed at
establishing reliable dose-effect relationshipe @g. Misselbrook et al., 1993; Jiang, 2000; Hayed., 2006).
Miedema et al. (2000) deduced from survey measurentke following relationship between exposure and
annoyance.

ZHA = Klog(Cos)]? (2)

where %HA is the percentage of highly annoyed pex36depends on the odour pleasantness and is around
10...12 for pig farm odoufgg is concentration at 98th percentile.

For example, choosing 10% of highly annoyed perssnwiterion to delimitate the buffer zone arolimestock
buildings leads to a concentration of 8-10 otifar 98th percentile.
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Another interesting tool to select the adequat@gance criteria is suggested in Watts and Swed@®5) and
Schauberger et al. (2001). It is summarized in Figthich defines, both for rural and for urban zyradour
concentration threshold versus exceeding time fittyafor livestock odours.

According to that scheme, in rural zones, the lwhidcceptable concentration for 2% of time proligh(98th
percentile) should be 5.4 ourSuch order of magnitude is also proposed in 24 Eeport on odour impacts of
intensive agriculture (Van Harreveld and Jones,120Bie suggested limit value for existing pig protion units
should beCgg 1.n< 6.0 oy m™>,

According to actual trends, the proposed odour ohpsterion is a combination of odour concentratio
threshold and its corresponding exceeding timeaiity. Fig. 1 clearly shows that, for regulatqryrpose,
different equivalent combinations may be propo$ed.instance, the limit of acceptable impact faatzone
could be defined by all points lying on the abawve | e.g.C%,l_h<5.401¢m'3 or Cg&l,h<2.20Ltm'3 or
Cgoyl_h<1.10l.tm_3.

We compared the different distances calculatedroypbs dispersion model for a typical odour emissate of
20 000 ou$ at 5 m height and the climate of Uccle (BrussBédgium). Average distance is estimated as the
radius of the circle of area equivalent to the exah delimited by the calculated percentile. Eighows iso-
distance curves (in meters) in the plane odoureatnation versus percentile value.

Figure shows that percentile 98 for 7 od (point 1) and percentile 94 for 2 ou’rfpoint 2) represent nearly
equivalent zones with a mean radius of 300 m ardb@dource. Point 3 &y7.1.,< 9 oum™ and point 4 aCgg 1.1,
< 2.0 oym’ correspond also to the same mean distance of 2@nsidering e.g. 5 oufras the annoyance
threshold and knowing that 1 ou’rs the perception threshold, the former reasoshmyvs that perceiving the
odour during 9% of annual time at a distance oL&B60 m Co; 1.,< 1.0 owym’>, point 5) corresponds
approximately to feeling an annoyance at the sagtarite during 2% of timeCg 1.,< 5.0 o m>, point 6).

Fig. 1. Relationship between percentage of annual timeatceptable impact and odour concentration limit
value (inspired by Watts and Sweeten, 1995 ancthsuberger et al., 2001 ).
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Recent policies would tend to propose the 98thepdile as exposure criteria, because this valudbeaseen as
a compromise, reflecting the relatively rare timéth high exposure, which are more determining,dming
based on a sufficient amount of hours in a yean(Marreveld et al., 2001). The choice of the right
corresponding odour concentration value dependb@bffensive character of the odour. A study cabeld in
Ireland (Hayes et al., 2006) concludes that imp&iterion Cog 1.4<9.7 oum™ could be implemented for poultry
production units.

For the present study, the validation work is egfout withCgg ;< 10.0 ou m3, but the methodology can
easily be transposed to other odour concentratimrsexample, an impact criteri@g ;< 6.0 oy m*for
piggeries could be discussed, while keefag;.< 10.0 og m™ for poultry facilities.

Validation of distance formula in Wallonia takessadtage of the homogeneity of the investigatedtoeyr,
which is a specificity of Walloon region with regpéo larger regions or countries. The whole amars only
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17 000 km, with highest point at 694 m, and is characterizg@ quite homogeneous temperate oceanic
climate, without any littoral zone, so that preiajlwind always are SW-NE, as illustrated by winde in Fig.
3.

Fig. 4 shows the shapes and relative sizes of @8ttentile for 6 different stations of South of g@iam.
Choosing Uccle as single average station for wiiéddionia leads to about 9% error on mean distalRoe.
rough validation purpose, such error is accept&denext tests are conducted only with Uccle clamat

3.4. Validation results

The formula is validated globally, by comparing flmal distance estimated or measured by different
approaches. It means that the structure of Eqs {9t recalled into question.

The different factors are adjusted so to refleetgbneral feeling of field operators about the @iead odour, its
hedonic tone and the maximum distance of perceffitiothe meteorological condition of the measurenuy.

Animal factorf,, firstly determined on the basis of expert opiniaasdjusted for some species after the field
campaign. For examplg,is definitively put to 0.050 for breeding ducks aond).033 for force-feeding ducks. A
possible justification of the relatively less insenodour for force-feeding ducks could be simpdeding, more
diluted liquid manure and short duration of foreeding.

Technical factof; is more difficult to adjust.

Concerning ventilation pafy, field operators firstly carried out spot measueats of the flow rate by micro-
anemometer in the exhaust duct of forced ventitegigstem. Nevertheless, such spot assessment sidyeju
used to verify an order of magnitude, but cannatidet to evaluate the global waste airflow of tihebe farm.
Anyway, information on the general flow regulatischeme according to the number of animals andutdoor
conditions is more valuable than spot measurembtaseover, it is impossible to measure flow raterfatural
ventilation. So, the validation results concern enthre global feeling of the operators when wallangund the
farm.

Main outcomes are close to the conclusions of ajhéatelines.

Generally, forced ventilation system is preferreehatural ventilation, in any case if waste aitt éxat least at
0.5 m above roof ridge. The ventilation systemadgings might be designed so that waste air iswesthd
when its temperature is above outdoor temperature.

Fig. 2. Contours of equivalent distances (labelled in mihie plane odour concentration versus percentlee
for average climate of Uccle (Brussels) and odauission rate = 20 000 ou's
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The manure paft . of technical factor is considered separately fggpries and for poultry facilities. Definitive
f.se values are difficult to propose because odour afsnlts from less objective impressions, like bygi lack.

For pigs, the best case is partially slatted fleoth daily manure evacuation from local storagktethe pens
to an external covered storage container. The wais is litter on solid concrete floor, removedsbrapers less
than once a week and stored in an external opeaicen. For poultry, less odour is generated whendung is
dried by an heating system and transported to aredvstore by conveyor belts.

Dispersion factof, has less influence than other ones on the fintdudée. For about all the studied cases, the
livestock buildings are indeed situated in rathetr dreas.

On the other hands, wind frequency distributiorigyat are often put forward to explain the variadiof odour
plume shape and size. Some guidelines proposenipute a meteorological factor based on the frequehc
calm winds. In the case of Wallonia, as mentionefdite, the climate homogeneity makes such facts le
relevant.

However an interesting alternative could be to daasund the breeding housing an ellipse rather gharcle.
As percentiles always take the form of ellipse-likeves (see Fig. 4), a good suggestion should Heatwv an
ellipse elongated in the prevailing wind directanmd with major axis and minor axis lengths, redpeit, 1.2D
and 0.8D, withD equal to the mean calculated separation distance.

The land use category factiiis examined by measuring the actual distance bettveefarm and the first
resident for different land use categories. Taldt@ws the distance statistics for 29 out of theak®s (distance
was not measured for other ones).

Average distances are rather small: 146 m for piggend 199 m for poultry facilities, but witharge standard
deviation, showing that real situations may consitlly vary from one case to another.

Real distance observations suggest usind.tiaetor for the first potential resident rather thha first real one.
The building situation may indeed vary after thenmeait of the expert assessment. A house may beldneittat
a location nearer the farm.

Fig. 3. Typical wind rose of the investigated territona{@ from Uccle, Brussels).
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For the 29 cases considered in Table 3, averagé' ‘tstance for all cases and all breeding tygek/7i4 m, but
is reduced to 154 m when considering the firsttinal" resident of a building zone.

Of course, that part of the validation phase difaim at adjusting the annoyance distance to theahobserved
distance of the first resident. However, such olzg@ns allow appreciating the severity of differgnidelines
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regarding real field situation in Wallonia. Mairstdts show that 60% of the studied farms shoulpeeisthe
eight considered foreign guidelines, 30% shouly oespect the less severe ones (Holland, Switziidan

Austria) and only 10% should respect no guidelitessll.

Finally the most significant contribution of thelidation work is the adjustment affactor. All other factors are

particularly useful to adapt the separation distabocthe particular case. They have different fdiss
final distance, but for all the 43 visited livestdarms, the impact of those factors on the digtdaacare

on the
ly above

100%. To adjust the absolute distances to real ishoyance impression, the choice: dédictor is essential.

Fig. 4. Drawing of 98th percentile for 1 oufor 6 different stations of south of Belgium.
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Table 3. Statistics of real measured distances betweestldck buildings and nearest resident

Land use category of the nearest Statistics Breeding type
resident Pigs Poultry Total

Agricultural zone Number of cases 6 8 14
Average distance (m) 191 148 166
Standard deviation (m) 150 138 139

Rural character Number of cases 5 7 12

residential zone Average distance (m) 158 258 216
Standard deviation (m) 133 405 314

Housing and leisure zone Number of cases 3 0 3
Average distance (m) 39 - 39
Standard deviation (m) 23 - 23

All zones Number of cases 14 15 29
Average distance (m) 146 199 174
Standard deviation (m) 134 289 225

A first way of assessingis considering general situation, independentlgasticular cases. As above
mentioned, the most typical situation for Wallooggion is using Eq. (1) with all factors (exceptgaq

ual to 1.

Hence, distancB is a times the square root of the number of fattenimgg pAssuming that each fattening pig
generates an odour emission rate of 207iit $s possible to establish a relationship wigitBpercentile at 10
ou s (the chosen annoyance criteria) by entering 28 hlabal emission rate into the dispersion model. T
make compatible the distance calculated by Eqwith)the average distance estimated by the radittseccircle
of area equivalent to the real area delimited leyciculated percentile,must be 4.5 for 100 pigs and 6 for

2000 pigs. A value of 5 could be a good compromise.
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An alternative way of adjustingis using field observations. This is applied ford®8& of the 43 studied cases.
For each of those 28 facilities, distarizés calculated by introducing in Eq. (1) the farnesific factors, but
without usinge in the formula. Concurrently, distance may be eat#ld on the basis of 98th percentile for 10 ou
s'entering into the model the global odour emissite deduced from the "sniffing-squad" assessm&htn

the two distances are compared. Table 4 shows ttadselation results. Specific parameters usedttpr(1) for
each case are not presented here because eadustasié generally concerns a combination of differe
livestock buildings, with different factor values.

Figs. 5 and 6 show scatterplots of the two distareel the regression line passing through therorigi
respectively for pig and for poultry farms.

R-Squared values of the regressions are relatiosly éspecially for piggeries, but that could beitatted to the
uncertainties of the odour emission rate estimbtetthe sniffing-squad method when only one field
measurement is performed. In spite of the pooresgion quality, it is encouraging to observe that t
proportionality coefficient between the two distasdn both cases is close to value 5 firstly edtioha

Fig. 5. Relationship between distances calculated by Faarfil) and by dispersion model for piggeries.
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Fig. 6. Relationship between distances calculated by F&arfi) and by dispersion model for poultry facési
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Table 4. Summary of calculation results for model validati

Type Nxf, Odour emissionrate(ous”) Cggin<100um ->distance(m) D by Eq.(I) without a (m)

Pigs 1496 47124 298 33
287 16065 137 17
784 5355 68 29
475 21000 166 15
455 55332 332 16
360 24633 187 28
1025 6426 75 25
180 26 000 195 13
3150 55432 332 92
251 2800 50 16
196 4200 60 27
456 16065 137 20
3000 45450 291 60
679 106 600 447 21

Poultry 330 2132 46 13
2150 16000 136 37
4455 5330 68 18
1100 10660 103 24
2706 37 000 252 46
450 7462 82 21
60 533 34 6
25.2 1000 38 11
150 3731 68 12
487.5 5330 68 17
125 1066 38 4
130 500 34 14
62.5 500 34 7
3000 15290 132 55

4. Discussion

In the final version of Eq. (1), proposed as a gliek project for the Walloon Governmeatcoefficient has the
value 5. That is a compromise which takes all thdied cases into account and which allows usiegtme
formula both for pig or poultry facilities.

However, an alternative proposal could be to usedifferent formulas, one adapted for pigs andather for
poultry.

For pigs, the annoyance criterion the more ofteygsated in the literature @ 1.<6.00ue m™. Choosing that
criterion increases the distance based on pereaitulation on average by about 40%. So, for, pig% could
be a more reliable proposal.

For poultry, the annoyance criteri@gg 1.,< 10 og m>maybe kept, but Fig. 6 examination suggest8.75...
4.0.

As expected, the field validation phase was esslewtirefine the initially proposed formula. Prey@ooutcomes
seem showing that two different guidelines coulgpbEposed, one for pigs and the other for poultry.
Alternatively, a single formula for both breedirygés could be proposed, but the species fdcthrould be
corrected for poultry, e.g. if = 7 for both breeding typé, for poultry should be divided by 3. Such proposal
needs more detailed validations with a larger nurobedour emission rate estimations on each site.
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Concerning emission factor, expressed in O&BP*, Table 4 results confirm the huge range of vafoasd in
the literature. Our values vary between 4 and 168'per equivalent fattening pig, with an average valfi@2
ou s EFP. But, again, such finding needs to be confirmedusther investigation.

A comparison of the presented empirical model witier national guidelines highlights the following
observations.

» The proposed species factor is a good compmbetween all species factors proposed by guakelih
should be estimated, together with the number mhals N, for an average situation of livestock for a tygpic
year.

* When applying national guidelines to our stuldcases, the contribution of the building veritiafactor
never exceeds a division by 2 of setback distaeteden worst situation and ideal situation. Ourtietion
factorf, varies from 0.7 to 1.4 for standard ventilatiosteyns. But a value &f = 0.3 is proposed for recent
waste air evacuation and treatment systems thrsmgjte discharge aperture.

« Concerning manure type and management, naigoidelines promote dried litter, frequent remoaat
storage in closed areas or containers. For sontkeliues, the manure factor is included into thévgldechnical
factor as one term of a sum, together with vembitaand feeding factors. When those latter facénesbad, the
effect of good manure practice is reduced. In @ase¢the multiplicative approach allows a betteessment of
different technical impacts.

» Dispersion factof, cannot be compared to corresponding parametertherf guidelines. It is typically
adapted to Wallonia situation. Taking wind patteand orography into account is less relevant fdgiBen than
for mountainous regions.

» Land use factdk, is also adapted to the official land use categasfé/Nallonia. It modifies setback distance
for o factor 2 between the worst and the best case,taaneiny other guidelines.

5. Conclusion

Sethack distance determination models for anin@dyction farms are often based on some general
considerations, on some survey and measuremertroatcand on different literature suggestions. énpifesent
case, the initial formula was proposed after adage studies and discussions with experts. Howieuss sure
that distance models match as closely as possibléeld reality, a huge validation work is neededesent
work highlights some possible trends, but morenefients are still possible towards a final guideliarsion.
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