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Abstract: Composting Plants are a potential source of sffenodors that can create annoyance within comtiesniTherefore, odors have
been rated as the primary concern of the publative to implementation of composting facilitiesigiheers must be conscious of this fact
and be familiar with odor generation and control.

In this study, dispersion modeling and field indets were used to quantify the potential odor intparound a particular Composting
Plant site in Lisbon, Portugal.

The short-term model ISCST3, developed by the Bnwrental Protection Agency (US-EPA), was appliedhis case study. Field
inspections, based on VDI 3940 part |l: 2006 weeslennear the composting Plant.

Given the lack of national legislation or guidelnen this subject, the odor levels evaluation werfopmed based on German Guideline:
Determination and Assessment of Odor in Ambient(Giuideline on odor in ambient air / GOAA). In teeguidelines, odor assessment is
based on the concept of the so called odor hour.hdur is called “an odor hour” when, at least 1600the time within this hour odor is
perceived (VDI 3788 part I: 2000). The frequencyofurrence of “odor hours” within a year is thempared to given limit values. These
limit values are 10% for residential areas and I&f4ndustrial areas.

In this work, the odor perception frequency wasaot#d by converting the odor concentrations, sitedleby the dispersion model
ISCTSTS3, to "odor hours", applying a conversiortdac

A period of September 2008 was chosen as basditzefor field inspections, and consequent appboatif model dispersion. These field
inspections revealed an impact on local residemtsch exceed the limit value of 10% of odors peticep The dispersion modeling
confirmed the obtained values, and demonstratadhbkandors frequency perception, from the openatibthe Composting Plant, could get
to the population at a level higher than the 10%t)iin a region that exceeds 1500 m south to dadity.
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INTRODUCTION

Exposure to odors that are perceived to be unpiéasa affect well-being at levels of exposure vbellow those that would
lead to physiological or pathological effects, slgep disorders, headaches, respiratory problems.

A smell that is perceived to be unpleasant in tirgext of a person’s personal environment is haidriore, and easily leads
to an overall negative appraisal of that environnitself.

Moreover, prolonged exposure to foul odors can geeeundesirable reactions ranging from emotiotr@sses such as
unease, discomfort, headaches, or depression tsicahysymptoms including sensory irritations, he&dds, respiratory
problems, nausea, or vomiting. When this occurppsure to odors becomes an issue of public he@idlor annoyance
occurs when a person exposed to an odor perceigesinwanted or objectionable (Environment Age26{2).

Responses to odors are highly variable and cantresalwide variety of effects. Generally, the iropaf an odor results
from a combination of interacting factors, collgety known as FIDOL: frequency (F); intensity (Riuration (D);
offensiveness (O) and location (L). These factofisiénce the extent to which odors adversely affetdividuals and can be
used as a basis for odor investigations and ingEsgssments (Environment Agency, 2002).

Odor complaints are common in urban communitiesnmesidential neighborhoods are located near sarigtees like
agriculture, sewage treatment works, compostingtpjaesins and chemical manufacturers, refiningratpons and landfills,
among others.

Characteristics of Odor from Composting

The nature of the odor emitted from the compospraress will depend on the type of material beimressed and the
stage within the composting cycle. Due to the reagsreliance on microorganisms to degrade thenicgaaste, there will

always be some odor emitted at each stage of theegs. The key to good composting is to managerbheess to avoid
excessive odor emissions (DEFRA, 2009).

Odor Sources
The primary releases of odors can be greatly retlbgeensuring that the composting process doebexime anaerobic.
Where significant emissions are released in tht@iritomposting phase, emissions may need to bic@d. The potential
release points are as follows (DEFRA, 2009):

= Raw material reception, storage and handling;

= Accelerated decomposition of the raw materialsroftee to storage of wet material prior to deliviengite;

=  From the application of leachate onto the feedstock

=  From the storage, handling and transport of thdsfeek during the composting operation, particyldrdring, and

after, mechanical turning and mixing operations;

=  From the composting process particularly if theeriat becomes anaerobic;

=  From the storage and disposal of any waste maggrial

= From the collection, storage and re-use of ligdiient (leachate);
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=  From the collection, treatment and discharge oftevasd effluent from the odor arrestment plant; and
=  From the odor arrestment plant discharge (this beag stack or vent or may be a biofilter with agaasource at
ground level).

Lisbon Composting Plant

This study was applied to a Composting Plant siteishon, which is surrounded by a small populatibhe emissions data
of odor emission concentration of the biofilter &hd volume flow rates were provided by the CompagsRlant. The odor
emissions mass flow for the composting hall wertemieined on the basis of process data (flow rat ef the hall,
operating hours, etc.). Table 1 summarizes the ediigsion concentration used in this study.

Table 1. Odor emission concentrations for the castipg plant.

Odor concentration (OU.)

1740

Open biofilter 3200
1329

Closed biofilter 1 913
Closed biofilter 2 757
Closed biofilter 3 530
Closed biofilter 4 557
Gas tank 1750
Hydrolyze tank 430
Composting Hall 604

METHODS

Methods for assessing the impacts of odors on carities can be classified according to two distaymproaches that can be
used individually or in combination: namely, soudt@racterization and subsequent prediction of atspa surrounding
areas, or direct measurements of impacts in tia fie

The most common approach to odor impact assessimidnt use mathematical models to predict the dowdwodor
concentrations on the basis of odor emission ratgmgraphy and meteorological data. Through usthefdilution-to-
threshold approach, odor concentrations at theceoiim OU or OU.n) can be quantified using standardized sampling and
analysis techniques and instruments (e.g. Europtethod EN 13725:2003) (CEN, 2003). Subsequentlypdor emission
rate from a source may be determined by multiplyirggsource odor concentration by the volumetri gaission rate. The
total odor emission rate from a facility is the sofrthe individual emission rates from each sou@eor concentrations at
receptors throughout an impacted region may theredtinated using appropriate dispersion modelsh Snadels are
commonly used to determine whether the emissiam ft specific or proposed source are or will likeéyin compliance
with ambient air quality criteria. These models ased to predict the downwind concentration undgrweeather conditions

from different types of sources, and across diffeterrain conditiongNicell, 2009).

In this work, field inspections and dispersion modewere used to quantify the odor impact of List@omposting Plant.
Field inspections were based on VDI 3940 Part 00&, and the odor levels evaluation was performegeth on German
Guideline: Determination and Assessment of OdoAmnmbient Air (Guideline on odor in ambient air / GBA(GOAA,
1999). In Germany, odor assessment is based ocotieept of the so-called odor hour. An hour is redrlas odor hour if
there is a clear odor perception in at least 10%heftime (VDI 3788 Part I, 2000). Limit values stsi for the frequency of
odor hours, i.e. the fraction of odor hours in arye

The exposure criteria are differentiated for areils different land use: < 10% ‘odor hours’ in msintial areas; < 15% ‘odor
hours’ in industrial areas.

The short-term model ISCST3, developed by the Enwirental Protection Agency (US-EPA), was appliedhis case
study, were the odor perception frequency was nbthby converting the odor concentrations, to "dumirs", applying an
adequate conversion factor.

Field inspections

Field panel measurements provide an estimate af émbissions from a source, including all diffuseises. Field panels
consist of 4-6 trained, qualified panel membersdel using the same criteria as used for the lathoratory, according to
EN13725. The field panel makes observations ontilmes in the field, usually to determine the maximudlistance of

detectability of the odor from a particular sour€his result, combined with the meteorological dtinds during the field

observations, is used for ‘reverse dispersion miodelwhich gives an estimated source emission &stea result. Field
panels can also be used to provide informationdmr smtensity and/or hedonic tone in field condiso

The panel can not only be used for evaluating daidity of the source as a whole but it can algoused as a more
‘analytical’ instrument by teaching the panel tentfy specific smells on-site and using this pptise expertise to identify
individual sources downwind. Using this technigae following information is recorded: type of smdtitensity and relative
annoyance potential to the overall off site smEflis provides useful qualitative data, althoughytbannot lead to decisive
conclusions as they reflect an assessment by edrmample of the population, only briefly exposethese odors. The field
panel work requires certain weather conditions amduires characterization of meteorological coondgi during
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measurements (wind speed, wind direction and s#faliass)(CH2M BECA LTD, 2000).The inherent uncertainty of the
method of measurement is mainly determined by tlaeduracies involved in characterizing the turbcdem the mixing
layer of the atmosphere, and the relatively pogpabdities of models to accurately predict shortrtedownwind
concentrations. Generally speaking, the resultsmadieling impact on the basis of source emissioa @éll give a more
reliable result. Field panel data can, howeveringeluable in providing a field check based on attonditions, especially
where sources are complex and include diffuse esuice. natural ventilation, large area sourcep et

For this case study, a 5 members panel made olis&avavery 10 seconds, for duration up to ten teisuat three cross
section of wind direction. By traversing the ‘plunag’intersections at varying distances, the resutggathered in the course
of a number of hours. The technique was appliedafahort period in September™and 1, 2008, surrounding the
composting plant. This work followed Germany’s gelide VDI 3940 Part 2, (2006).

Meteorological measurements, for temperature, hityréehd wind speed and direction, were carriedduring the field odor
inspections. Figure 1 illustrates the wind rosetlfidg period, were a typical NW wind conditions danseen.
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Figure 1. Meteorological wind rose for (a) Septeriti¥' 2008. (b) September 122008.

Figure 2. Odors perception frequency on SeptemB&r2D08 (left) and September #,22008 (right).

Field inspections revealed an impact on local ersisl which exceed the limit value of 10% of odoeesception. Figure 2
shows that the odors frequency perception, fronogheration of the Composting Plant, could get highan 50%, south to
the facility.

Dispersion modeling

Once the odor emission rate from the source is kntre impact in the vicinity can be estimated. ihpact of an emission
is very strongly determined by the way in which tgor is diluted in the atmosphere, while beingiedrtowards the
receptor by the wind.

The dilution can vary considerably, depending om theteorological conditions: wind speed and turcee of the
atmosphere, also called atmospheric stability. Me¢eorology of a site will be a major factor detiging the impact of a
certain release of odors.

Dispersion models are used for predicting odor sypowith a view to assess expected annoyancereltonship between
odor exposure and annoyance has been establisheedumber of epidemiological studies, where a @aldgir modeling
approach was used. Ideally, when using dispersiotets for odor annoyance prediction, the objeativest be to apply the
models that were used to establish dose-effedionthips in the underlying epidemiological caselsts. This implies that,
although better atmospheric dispersion models negpime available, these can only be applied to pdadslems after their
results have been validated in dose effect studieby using base data from previous dose efferties to establish the
relationship between the model output and the aamwy criterion (Nicell, 2009). Such effects arailable in newer
generation models such as the widely used USEP#stnidl Source Complex Short Term (ISCST3). ISCST& Gaussian
dispersion model, which uses input data such ad sfreed, wind direction, atmospheric stability &eght of the mixing
layer to determine ground level concentrationseéingd receptor points (EPA, 1995).
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Modeled contaminant concentrations using dispersiodels are normally based on long averaging tisr@ogds, whereas
odors can generate community complaints from a&sef short detectable exposures (Musgial, 2001). This model is
typically used to predict ambient contaminant comegions averaged over a 1-h time period or longémat is, the

concentration values predicted by these modelesept the concentration of a contaminant that wbalgresent in a mixed
sample of ambient air that had been sampled oten @eriod. For the case of a continuous plumegdtiration of the time-

averaged period or sampling time determines thecgie size of the plume. Averaging over a spegifieriod will smooth

out some of the variations in the air contaminamutscentrations and, therefore, averaging concesag&gpthat may result
from short-term variations in emission rates antem®logical conditions.

Since meteorological conditions are highly variadler very short periods of time, the use of adwbrage fails to show the
short-term peak odor concentrations that are likelyoccur and be experienced during that perioce &mbient odor

concentrations underwent fluctuations that rangedhfimperceptible levels to higher leveléenkatram, A., 2002). The
effect of time averaging is to significantly madietpeaks in odor concentration that are actuallyegenced by the

population. Notably, odor may actually be experezhover much shorter intervals than 1 hour. Theeefafter predicting

odor concentrations using the dispersion model ISZZSfTwas necessary to convert the concentrationsa suitable

averaging time to have a more realistic predictibthe conditions under which odors will be expeded. The most widely-
adopted approach to estimating concentrations ateshintervals from values predicted using disjpersnodels at longer
averaging periods (e.g., 1-h) involves the follogvaguation:

c=c (tj )
1 0 tl

Where G and G are the contaminant concentrations for the lorger shorter averaging times, respectively (e.gQuj;
and t and t are the longer and shorter averaging times, réspéc (e.g., in minutes); and n is an empiricaperent
(dimensionless) that is dependent on the degregnadspheric turbulence (i.e., stability) and typiceanges from 0.17 to
0.68 (Cha, Li and Brown, 1992). A value of n of O&f been used for converting concentrations betaeeraging times.

ISCST3 was applied for the simulation of the disjperof odor emissions from the composting plante Thodel was
applied for the same period of the field inspedioand to the entire year 2008, with a 5x5 km danzaid 250 m grid
spacing.

The results of dispersion calculation, for Septeni#' and 18" confirmed the obtained values, from field inspmusi and
demonstrated that the odors frequency percepticregled the 10% limit. Figure 3 shows frequencwddr- hours for
2008. The analysis of the distribution pattern shtive occurrence of an area with an odor frequaboye the limit value of
10% (residential areas) to the south of the Conipg$tlant.

Figure 3. Frequency of odor-hours, in 2008 (spaselution 250x250 m).

CONCLUSIONS

This work demonstrates that field measurementsdispersion modeling provide a suitable method ¢émeining the odor
load on site. Field measurements allow to meastesept odor load expressed as an odor frequermgyation to space and
dispersion modeling provides a long term estimatibthe odors concentrations.

The short-term model ISCST3, was applied to thise cstsidy, for estimating odors concentrations. Oplerception
frequency was obtained by converting the odor cotmagons, to "odor hours", applying an adequatevecsion factor. The
obtained values of occurrence of “odor hours” wittiie year 2008 were compared to German limit \&lue

Field inspections revealed an impact on local exstis] which exceeds the limit value of 10% of odmesception and the
dispersion modeling confirmed these values, andodsirated the extent of this problem. Odors frequererception, from
the operation of the Composting Plant, could get tegion that exceeds 1500 m south to the facility.
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