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Abstract 
 
The increased sensibility of people occurred in the last years towards the environment and the quality of life have led to the 
classification of odours as harmful atmospheric pollutants. Exposure to odours, pleasant as unpleasant, can generate different effects 
in peoples ranging from emotional reactions annoyance up to indirect health consequences due to stress reactions, affecting to a 
not negligible extent the overall quality of life. The monitoring of odour nuisance is then one of the growing environmental issues 
affecting the human life in industrial, rural, and residential areas. The main methodological approaches for odour detection 
developed in the past decades includes odour impact criteria and field inspections. The former typically relies on the use of physic-
mathematical models for odour dispersion, able to consider both meteorological and topographical features of the area, returning 
the odour concentration (ouE/m3) in the surrounding area. The latter involves the use of panels of assessors for detecting the effective 
exposure to odour and the extent of odour plumes. By the way significant differences exist in the worldwide regulations concerning 
the odour limit concentration, the percentiles of yearly hours, the averaging time and the peck-to-mean factor. Additionally, 
epidemiologic study concerning health consequences on people exposed to odour, resulted affected by several methodological 
biases. This makes the finding reported in the different studies not always fully reliable and meaningful. 
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1. Introduction 
 

According to Hangartner et al. (1989), odorants 
are defined as those substances able to stimulate the 
human olfactory system leading to the perception of 
an odour. Meanwhile, an odour can be defined as an 
organoleptic attribute of certain volatile substances 
once these are sniffed and hence perceived by 
olfactory organs (ISO, 2008).  

The perceiving of odorous phenomena 
represents a matter of potential harassing for local 
population that requires adequate responses by local 
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authorities. Inhalable volatile chemical species able to 
generate the olfactory perception are well known (e.g. 
sulfides, mercaptans, ammonia, ammines, ketones, 
alcohols) (UNI, 2022). Based on the current level of 
knowledge, it is not possible to establish absolute 
odorants concentrations thresholds able to prevent the 
risk of annoyance. The reason of this difficulty is 
addressable to many factors among which: the high 
level of subjectivity of each individual in being 
sensible to the specific odorants; the habituation of 
individual to given odours (Conti et al., 2020); the 
synergic effect that the mixture of the different volatile 
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chemical species can have in emphasizing the odour 
perception; the specific urban, industrial and/or rural 
context (DEPA, 2002, 2009; MASE, 2023; Pringer et 
al, 2015).  

While EU legislation has clearly identified the 
best available techniques (BAT) for at-source odour 
emission control in each industrial sector (EU, 2010), 
odour annoyance continues to be reported by local 
populations in several areas. The determination of the 
effective exposure of the local population to odorous 
phenomena and whether these phenomena can be 
effectively deemed acceptable or unacceptable 
represent a complex issue. In general, the approaches 
exploited for this purpose are based on two main 
concepts: the assessment of the concentration of the 
odorous compounds; the duration and the frequency of 
the odorous perception (EN, 2016a, 2022).  

The determination of the first aspect is based 
on the application of atmospheric dispersion models 
(UNI, 2000) able to consider both the meteo-climatic 
and orographic characteristic of the area under study, 
once the amount of odorous emission has been 
determined according to the EN (2016 a, b). The 
determination of the second aspect, i.e. the frequency 
and duration of the odorous perception represents a 
quite complex task. Many approaches have been 
proposed mainly based on simulation models and on 
the exploitation of human assessors panel, experts, 
able (i.e. appositely trained) to recognize the presence 
of odours and their features (EN, 2022). 

Based on what discussed above, the present 
paper provides an overview of the main 
methodologies and acceptance limits related to odour 
detection and control currently employed worldwide. 
Additionally, due to its significance, an investigation 
into the health consequences associated with odour 
nuisance has been also conducted, and the detected 
finding discussed. 
 
2. Odour impact criteria 
 

Based on the current impact assessment 
techniques, the dispersion of odour at different 
distances from a specific source is determined through 
dispersion models, which can predict calculate the 
odour concentration at designated receptors by 
considering the effects of topographic and 
meteorological conditions. This result can be obtained 
once the odour emission rate (i.e. odour concentration 
multiplied by the whole flow rate) per each given 
source in the area under investigation was determined. 
Once calculated, the concentrations are compared 
against the odour impact criteria (OIC) which are 
represented by the legal limits and parameters 
imposed by local authorities. In general, OIC consists 
of the following main elements (Tables 1-2): 

1) threshold of odour concentration; 
2) level of percentile compliance; 
3) averaging time adopted for the calculation of 

the concentrations returned by the atmospheric 
dispersion models; 

4) peak phenomenon. 

Level of percentile indicates, in general, the 
number of hours on yearly basis during which the 
average odour concentration has to be lower than the 
threshold limit. In other words, for the number of 
hours exceeding the percentile level, an odour 
concentration higher than the odour concentration 
limit is considered acceptable. In general, percentile 
level adopted is ≥ 98%. 

Time periods considered for averaging the 
concentration include usually the single hour of the 
year, i.e. 8760 h/year, but also lower periods like 
second and/or minute are exploited.  

Finally, another important aspect associated 
with the odour concentration is the peak phenomenon 
that can occur in periods < 1 h causing the momentary 
sensation of odour. For considering this phenomenon, 
a multiplicative factor named peak-to-mean ratio is 
generally used for correcting the hourly average odour 
concentration (Conti et al., 2020). 
 
2.1. Odour concentration 
 

Odour concentration, together with its 
detectability, is a widely exploited approach in 
regulations for indicating the acceptance limits for 
local populations also based on the destination of the 
area and on the distance of the receptors from the 
emission source. Due to the large variability in the 
sensibility of individuals against olfactometric 
stimulations, the concept of detectability is associated 
to a given percentage of individuals able to perceive 
the presence of odour. 

The determination of odour concentration at 
the emission source is performed in specific 
laboratories by the dynamic olfactometry procedure 
exploiting as sensor human noses of appositely trained 
panel of assessor. This because there are no other 
instruments or analytic procedure able to return 
satisfactory information about the olfactometric 
responses of humans. The procedure for the dynamic 
olfactometry has been standardized in different 
countries by apposite technical notes: for the EU UNI 
EN 17325:2022 (UNI, 2022); for Australia and New 
Zeland AS/NZS 5323.3:2001 (AS/NZS, 2001); for US 
ASTM E679-04 (ASTM, 2011).  

In the EU 1 odour unit (ouE) is defined as the 
specific concentration of a reference odorant, n-
butanol. The concentration of n-butanol 
corresponding to 1 ouE/m3 is 0.04 mol/mol of n-
butanol in neutral gas. This definition is then used to 
trace the odour unit of any odorant or mixture of 
odorants in ambient air. Briefly, the analytic procedure 
of the dynamic olfactometry consists of determining 
the odour perception threshold (OPT) by submitting to 
the assessor’s panel diluted mixture of a given volume 
of the sample of odour air. The dilution is performed 
by given volumes of pure (i.e. deodorized) air, 
expressed in m3, and at the sample is conventionally 
assigned the values of 1 ouE. This mixture is submitted 
to the assessor’s panel at decreasing dilution ratios.  

The OPT is then defined as the dilution ratio 
(ouE/m3) that is perceived by 50% of the exposed 
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populations and, for the dynamic olfactometry 
procedure, by 50% of the assessors (UNI, 2022). For 
a given sample of odorant or mixture of odorants, the 
higher is the ouE/m3 the stronger is its olfactive impact. 
The standardized procedure also indicates procedure 
for the odour air sampling as the other conditions and 
criteria to be respected during the dynamic 
olfactometry test. Additionally, as largely describe in 
the study of Hayes et al. (2023), the composition of the 
odours mixtures can also be determined by the 
exploitation of gas chromatography coupled with 
mass spectrometry or similar techniques. However, in 
practice, this is primarily useful for assessing the 
potential presence of harmful compounds even if this 
approach results of particular interest also for a deeper 
investigation of odour nuisance. In fact, as also 
reported in the study of Barczak et al. (2017), humans 
have a very different response and perception when 
exposed to the same volatile substances. The so-called 
hedonic tone of the odour can be perceived as pleasant 
by someone and unpleasant by others or the odour 
cannot be perceived at all. Furthermore, the different 
substances can have also very different effects on 
individuals depending on the concentration and on 
mixtures compositions. In other words, the hedonic 
tone can be classified as pleasant even if the 
substances generating this perception can be harmful 
and vice versa. 

 
2.2. Atmospheric dispersion modelling 
 

The presence of several technical and 
analytical obstacles for direct experimental 
determination of the odour concentration in the 
ambient air, requires the exploitation of dispersion 
modelling able to return the values of the ouE/m3 in the 
selected receptors once the odour emission at the 
source have been defined. 

Qualitatively, dispersion modelling of airborne 
particles and/or aerosols aims to describe and predict 
the fate of chemicals in the atmosphere from a given 
source to given points (receptors). These last can also 
be represented by lines characterized by the same 
concentration of chemicals, isolines. From the 
quantitative point of view these models can return the 
concentration of chemicals and, in the specific case, of 

odours (ouE/m3), once the meteorological parameters, 
sources feature, and topography of the analysed area 
were defined. 

Simulation of atmospheric dispersion of 
pollutants can be performed by the following main 
approaches: 

- Lagrangian approach, in which the variation 
of concentration is related to the fluid in movement;  

- Eulerian approach, in which the 
concentration is related to a fixed system of 
coordinates; 

- Gaussian approach, in which the distribution 
of pollutants and hence their concentration is 
determined by using a normal probabilistic 
distribution of fluctuation of wind vectors; 

- Semi-empirical approach, mainly based on 
empirical parametrization;  

- Stochastic approach, in which semi-
empirical and statistic models are used to analyse 
periodicities, trends and interrelationships of air 
quality measurements and to forecast episodes of air 
pollution; 

- Receptor approach, in which starting from 
the concentration observed at the receptor the 
contribution of different emission sources is 
estimated. 

More recently, also computational fluid 
dynamics (CFD) was proposed (Yeo et al., 2020) as an 
approach for analysing the odour dispersion from pig 
house with complex terrain. 

In general, the most widely used models for the 
determination of odours are represented by the 
AERMOD and CALPUFF for the Gaussian approach 
and AUSTAL2000 for the Lagrangian approach 
(Capelli et al., 2013). In any case, in Table 1 are 
reported the most diffused software available on the 
market with brief indications about the features, 
advantages and disadvantages. 

 
2.3. Peak-to-mean factor 
 

As already described in the previous 
paragraphs, calculation models are largely indicated 
by regulations as the most suitable method for the 
determination of the dispersion of odour emitted in the 
surrounding area of a given source. 

 
Table 1. Software, approaches used and mean features 

 

Software Approach Features References 

AERMOD (U.S.) Gaussian Enable to point, volume and areal sources 
Baawain et al. (2017); 
Schulte et al. (2007),  

LODM (Canda) Gaussian Oriented for livestock facilities 
Yu et al. (2013a), Yu et al. 

(2013b) 

STINK (Australia) Gaussian Specific for ground level areal sources 
Galvin et al. (2004); 

, Smith (1995) 
OdiGauss (Italy) Gaussian Enabled for odour from multiple sources Danuso et al. (2015) 

INPUFF-2 (U.S.) Gaussian 
Emission from semi-instantaneous and 

continuous points sources 
Asadollahfardi et al. (2015); 

Zhu et al. (2000),  

CALPUFF (U.S.) Lagrangian 
Multi-layer, multi-species, non-steady-state, 

evaluating the effect of time- and space-
varying meteo conditions 

de Melo et al. (2012);, Ranzato 
et al. (2012) 

CALGRID (U.S.) Eulerian 
Photochemical, transport and dispersion 

model, three dimension temperature and air 
velocity 

Scire et al. (2000);, Yamartino 
et al. (1992) 
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By the way, the hourly average odour 

concentrations in the air (ouE/m3) returned by these 
models resulted not adequate to account for the 
fluctuations of the odour concentration that is usually 
characterize by a sequence of peaks and null ouE/m3 
values (Conti et al., 2020). The shorter is the averaging 
period considered, the higher are the concentration 
(ouE/m3) fluctuations. Considering that a typical 
human inhalation occurs every 1.6 seconds, the 
exploitation of the hourly average can result in 
inadequate method for assessing the presence of 
olfactometric nuisance. In other words, olfactometric 
nuisance could be masked by the hourly average. 

To account for this phenomenon, the peak-to-
mean approach has been proposed, aiming to calculate 
the short-term odours concentration starting from the 
hourly average (Drew et al., 2007). According to 
Smith (1968), Schauberger et al. (2012) and Piringer 
et al. (2015), the calculation of short-term 
concentration can be calculated starting from the long-
term ones by using the correlation reported in Eq. (1). 
 
Cp = Cm * (tm/tp)n  (1) 
 

In Eq. (1) Cp and Cm represents the short-term 
and the long-term concentrations, respectively, tp and 
tm the shorter and the longer averaging time, 
respectively, to whom the previous concentrations are 
referred whereas n is an empirical dimensionless 
exponent ranging from 0.2 to 0.5. 

Starting from Eq. (1) a peak to mean factor F 
has hence been introduced, Eq. (2), also at regulatory 
level, for accounting Cp based on the Cm generally 
calculated on hourly average. The longer is tm the 
higher is F. 

 
F=Cp/ Cm (2) 

 
2.4. A glance to main world regulatory frameworks 

 
Table 2 summarizes the values reported by the 

main regulations in some countries around the world 
for the parameters associated with the odour impact 
criteria described in the previous paragraphs. These 
data have been retrieved both from the specific 
regulations of each country and area and from the 
work of Bokowa et al. (2021) and Conti et al. (2020). 
As it is possible to note there are some relevant 
differences among the countries but also among the 
different jurisdictions of the same country. For 
example, Australia showed a wide range of both odour 
concentrations limit but also of percentile and average 
time values, ranging from 1s up to 1h, based on the 
jurisdiction (e.g. Queensland, Tasmania, Victoria) and 
on other factors as the destination of the 
urban/industrial/rural areas considered. Similar 
considerations are also valid for other countries as 
Canada, Belgium and Netherlands.  

 
 
 

3. Field inspection 
 

Before the implementation of more relevant 
activities for preventing and decreasing the odours 
annoyance reported by the local population, the 
adoption of preliminary activities aimed to understand 
the importance and the extension of the problem is 
usually recommended. According to the current 
legislation (Table 2), the initial approach to be adopted 
in case of odours annoyance reported by the local 
populations, is represented by field inspections. In 
fact, the only presence of odour is not enough for 
being classified as a nuisance, but it is also necessary 
to establish its frequency. 

For this reason, the objective of field visits is 
not to determine if the acceptance threshold has been 
exceeded but primarily to assess whether the 
frequency at which local populations are exposed to 
an odour result in a nuisance. 

The methodologies adopted for this purpose 
are the grid and the plume methods (EN, 2016a, b). 
Both methods used a panelist of variable number of 
assessors depending on the number of measures to be 
performed. The grid one is more oriented to 
characterize odour exposure in a given assessment 
area whereas the plume one is more oriented to assess 
the extension of the odour impact (i.e. where the odour 
is perceived and where not) under specific emission 
and meteorological conditions (e.g. wind direction, 
rain, humidity, temperature, pressure). In the grid 
method the area under investigation is divided in a grid 
of a given number of squares with minimum side of 
250m. The vertex of each square represents the point 
in which the panel of expert assessors makes the 
measurement. One measurement consists of 10 
measurements performed over 10 minutes. Every 60 
seconds the members of the panel are requested to 
sniff for 10s and note on a specific form, according to 
a preordered scale of values, the intensity and the 
quality of the odour perceived. For considering the 
different meteorological conditions and the odour 
fluctuation, the whole duration of the field inspection 
is generally established in 1 year. Grid methodology 
can be applied also in presence of several odours 
emission sources. 

In the plume method two different approaches 
can be adopted: static and dynamic. For the static 
approach, the panel of experts moves upwind the 
source along parallel lines that are perpendicular to the 
plume extent. The goal is to determine the presence 
and the absence of odour along these lines. For the 
dynamic approach the panel of expert moves 
according to a zig-zag pathway with the same aim of 
determining the extension of the plume.  

The plume method is applicable only when 
there is a given source of emission. In both methods 
the panel of expert have to be appositely trained 
according to what reported in the UNI (2022). 
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Table 2. Averaging time, limits for odour concentration (ouE/m3), associated percentile level (%) 

and peak to mean factor (F) for some countries 
 

Country Aver. Time ouE/m3/ Percentile (%) F References 
Austria 5s 1/92 and 5/97 Variable OAW (1994) 

Australia 

- 
5/98 (Queensland) 10 (stack) 

EHP (2013), DAFF (2012); 
DEC (2006), DEP (2002), 
SAEPA (2007), EPA Victoria 
(2001), EPA Tasmania (2004) 

5/99.5 (Queensland) 5 (ground) 

3s 
-(logD-4.5)*0.6-1/99 (New South 
Wales) 

1.9-2.5 

 
3min 

 

2/99.5 (West) 
4/99.9 (West) 
4/99.9 (Victoria) 

 
- 

- 2.5/99.5 ((Queensland) 2 

3min 
-(logD-4.5)*0.6-1/99.9 
(South) 

- 

Belgium 1h 
6/98 (pigs) 
10/98 (poultry) 

1 
Government Walloon (2009) 
LNE (2008) 
VITO (2012) 

Canada (Ontario) 10min. 0/95 1 MDDEP (2011, 2012) 

Denmark 1min.-1h 
5-10/99 (residential) 
10-30/99 (industrial, rural) 

7.8 DEPA (2002,2 009) 

France 1h 

5/98 (Composting plant) 
5/99.5 (at 3km new animal by-
product processing plant) 
5/98 (at 3km existing animal by-
product processing plant) 
<5 (at 500m for populated areas for 
other activities) 

1 JORF (2003, 2008) 

Germany 

1s 0.02-0.1-0.15 - 

GOAA (2008) , TA-Luft 
(2002)  1h 

0.5 (pleasant odours) 
1.5 (poultry) 
0.75 (fattening ptig) 
0.5 (milking cow, fattening bulls, 
horses) 

- 

Hong Kong 5s 5 N.A. EPD (2016) 

Italy 1h 

1/98 (residential, hospital) 
2/98 (market, offices, turistic) 
3/98 (rural, leisure, sport) 
4/98 (industrial, farm) 
5/98 (country, unpopulated) 

2.3 

ARPAP (2014); 
MASE (2023); 
Provincia di Trento (2016); 
Regione Lombardia (2012) 
 

Israel 5s-10min 1.5-10 N.A. IMEP (2013) 

Netherlands 1h 
5/98 (existing situations) 
1.5/98 (new situations) 
0.5/98 (new sources) 

1 
InfoMil (2014, 2016); 
VROM (2006, 2007) 
 

Spain 1h 3-7/98 1 DMAV (2005) 

UK 1h 
1.5 (most offensive odours) 
3 (moderately offensive odours) 
6 (Less offensive odours) 

1 
Bokowa et al. (2021); 
EA (2011) 
 

New Zeland 1h 
1/99.5 (high sens./unstable) 
2/99.5 (semi unstable) 
3/99.5 (high sens./stable) 

1 NZMOE (2003) 

 
Another preliminary approach available 

consists in the direct engagement of the same 
individuals, populations, reporting on the presence of 
odor. These are requested to note on a specific preset 
form record each odour nuisance episodes perceived, 
its intensity together with a description of the type of 
odour. This represents a less expensive approach, 
useful for the determination of the annoyance, but 
lacking scientific stability of the data due to 
psychological effect of citizens. 
 
 
 

4. Odour pollution and human health 
 

The toxic effect that specific odorant 
compounds, as H2S, NH3, COS can have if inhaled 
above the chronic reference dose (RdF) (mg/m3) 
(Barczak et al., 2022) is a well know aspect. Les clear 
appears what effects can indirectly generate on human 
health the short and the long-term exposure of odours 
due to stress reactions. In fact, odour nuisance can also 
be   generated   by   synergic   effect   of   mixtures  of  
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different compounds even if the single concentration 
of each compound is largely below the odour 
perceiving and toxic thresholds. According to 
Guadalupe-Fernandez et al. (2021), this is due to a 
lack of standardized methods usable for 
environmental epidemiology studies able to include 
also specific psychological aspects and life quality of 
each single individual. 

Several sources of bias have influenced the 
overall quality and reliability of the studies reported in 
the literature. Key biases include the identification of 
exposed and non-exposed populations, confounding 
factors such as lifestyle and exposure to other sources, 
the completeness of outcome data, and the application 
of appropriate statistical methods. Many of these 
studies are based on self-compiled questionnaires on 
which the engaged subjects report both the perceiving 
of odour annoyance and their symptoms. 

Based on the discussion above, the already 
mentioned study of Guadalupe-Fernandez et al. (2021) 
identified five high-quality epidemiological studies, 
four of which consider the exposure of populations to 
odour emissions from animal feeding and one from a 
waste landfill. Table 3 summarizes the main health 
outcomes self-reported by the subjects 
exposed/engaged along with the main biases detected 
for each study. 

The lack of other objective or clinical methods 
other than questionaries’ (Wroniszewska and 
Zwozdziak, 2020) reported by Guadalupe-Fernandez 
et al. (2021) as a limiting factor for the assessment of 
odour annoyance, appears suitable of improvement by 
its integration with new promising methods 
combining questionary with electronic nose and 
specific trained staff for on-site surveys (Valli and 
Immovilli, 2008).  

 
5. Discussions 
 

The information reported above highlight large  
 

differences at world level concerning the criteria 
exploited for setting the dispersion model (e.g. OPT, 
F, percentile, averaging time) (Bokowa et al, 2021). 
Such differences were justified by several factors as 
the destination of the area, e.g. residential, industrial, 
rural, and of the activities performed, e.g. livestock, 
chemical industries, waste management, water 
management, and other similar activities.  

Other differences can also be found on the 
minimum distances from the odour sources. In 
general, in Asia and China the odour issue resulted 
more focused on specific sectors like the waste 
management one whereas other country showed a 
particular attention to livestoks (Conti et al., 2020). 
Another difference noted was related to the models 
and approaches exploited for odour dispersion and 
concentration. For this aspect, a combination of 
different techniques including questionary, dispersion 
models and chemical analysis appears the one indicate 
as the most suitable by several authors (Baczak et al., 
2017; Bokowa et al., 2021; Conti et al., 2020). A 
particular critical situation was detected for the EU 
area. In fact, EU aims to homogenize the legislation of 
the different member states (MS) in many sectors by 
the adoption of EU directives. The environmental 
sector is one of the most relevant in which the EU is 
more active since the late 50’ and in which there is 
continuous implementation of new and advanced 
legislation. In the case of odour, several aspects 
require further understanding and regulation to 
prevent significant disparities among Member States. 

Similar considerations can also be done for the 
field inspection approaches. In fact, despite the 
presence of specific technical notes able to standardize 
and to homogenize the methodologies and procedures 
to be adopted for the inspections, there is a lack of 
indications on threshold values (EN, 2016a). Such 
lack represents a matter of possible biases causes some 
bias for in assessing whether or not a population 
resulted exposed. 

 
Table 3. Emission source, methodology used for the exposure assessment, health outcome assessment and main biases  

for the five epidemiologic studies classifies of higher quality by Guadalupe-Fernandez et al. (2021) 
 

Author Emission source Exposure assessment Outcome assessment Main bias 

Avery et al. (2004) Animal feeding 
Self-reported 
questionnaire 

Clinical measurements: 
Immune functions and 
allergy 

Exposure assessment 
Confounding factor 
(other exposure) 

Heaney et al. (2011) Waste landfill 
Self-reported 
questionnaire 

Self-reported questionnaire: 
Gastrointestinal 
Mucus irritation 
Respiratory 
Skin 

Exposure assessment 
Outcome assessment 
 

Horton et al. (2009) Animal feeding 
Self-reported 
questionnaire 

Self-reported questionnaire: 
Mood states 
Odour nuissance 

Exposure assessment 
Outcome assessment 
 

Schinasi et al. 
(2011) 

Animal feeding 
Self-reported 
questionnaire 

Sel-reported questionnaire: 
Gastrointestinal 
Mucus 
Respiratory 
Skin 

Exposure assessment 
Outcome assessment 
 

Wing et al. (2013) Animal feeding 
Self-reported 
questionnaire 

Cardiovascular 
Exposure assessment 
Confounding factor 
(other exposures) 
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Furthermore, this can also represent a matter of 

weakness of the odour exposure assessments that can 
generate criticism by the different actors involved in 
such investigations. 

Finally, more research appears necessary for a 
definitive assessment of the impact of odour on human 
health. In fact, excluding the toxic effect of some well-
known chemical compounds already regulated by 
specific legislations, the epidemiologic studies 
performed on the health consequences of individuals 
exposed to odour, in general, are characterized by the 
presence of several biases as: not proper consideration 
of confounding factors; absence of analytical results 
(large use of self-questionnaire); lack of adequate 
description of the source of the emissions; absence of 
adequate procedure able to give a clear and more 
deterministic indication about the effective exposure 
of population to odour. 
 
6. Conclusions 
 

The review performed in the present study 
highlighted that more research activity resulted 
necessary for a definitive solution of the different 
aspects involved in odour nuissance. Despite the quite 
extensive availability and reliability of physico-
mathematical models and procedures, the assessment 
of the effective level of exposition and of the 
acceptable limits of odour concentration still remains 
a matter of discussion.  

Many social, cultural and individual factors 
influence these aspects justifying the large differences 
of the values of the main odour impact criteria adopted 
worldwide. A decisive contribution to the definition of 
appropriate values for the above-mentioned criteria 
can be represented by scientific results concerning 
epidemiologic studies on population exposed to such 
nuisance.  

Based on the state of the art, these studies are 
often influenced by numerous biases and 
methodological flaws, rendering the associated 
findings less reliable and challenging to utilize for this 
purpose.Among these drawbacks, the lack of clinical 
methodologies, other than questionnaires, able to 
definitively asses the exposure of the population to 
odor, represents one of the main limitations even if 
new integrated approaches seems able to give 
adequate response to this aspect. 
 
References 
 
Asadollahfardi G., Asadi M., Youssefi M., Elyasi S., 

Mirmohammadi M., (2015), Experimental and 
mathematical study on ammonia emission from 
Kahrizak landfill and composting plants, Tehran, Iran, 
Journal of Material Cycles and Waste Management, 17, 
350-358. 

AS/NZS, (2001), Australian and New Zeland Standards. 
AS/NZS 4323.3:2001. Stationary Source Emissions – 
Determination of Odur Concentration by Dynamic 
Olfactometry. AS/NZS, Sydney, On line at: 
https://www.standards.govt.nz/shop/asnzs-4323-

32001. 
ASTM, (2011), America Society for Testing and Materials. 

ASTM E679-07. Standard Practice for Determination 
of Odor and Taste Threshold by a Forced-Choice 
Ascending C Series Method of Limits. ASTM, West 
Conshohocken, On line at: 
https://www.astm.org/e0679-19.html. 

ARPAT, (2014), Linee guida per il rilascio di pareri 
riguardanti le emissioni in atmosfera prodotte dagli 
impianti di depurazione. Agenzia regionale per la 
prevenzione e la protezione dell’ambiente. Rev_0 del 
17/12/2014, On line at: 
https://www.arpat.toscana.it/temi-
ambientali/aria/emissioni. 

Avery R.C., Wing S., Marshall S.W., Schiffman S.S., 
(2004), Odor from industrial hog farming operations 
and mucosal immune function in neighbors, Archieves 
of Environmetal Health, 59, 101-8.  

Baawain M., Al-Mamun A., Omidvarborna H., Al-Jabri A., 
(2017), Assessment of hydrogen sulfide emission from 
a sewage treatment plant using AERMOD, 
Environmental Monitoring Assessment, 189, 263, 
https://doi.org/10.1007/s10661-017-5983-6. 

Barczak R.J., Mozaryn J., Fisher R.M., Stuetz R.M., (2022), 
Odour concentrations prediction based on odorants 
concentrations from biosolid emissions, Environmentla 
Research, 214, 113871, 
https://doi.org/10.1016/j.envres.2022.113871. 

Barczak R.J., Fisher R.M., Wang X., Stuetz R.M., (2017), 
Variations of odorous VOCs detected by different 
assessors via gas chromatography coupled with mass 
spectrometry and olfactory detection port (ODP) 
system, Water Science and Technology, 77, 759-765. 

Bokowa A., Diaz C., Koziel J.A., McGinley M., Barclay J., 
Schauberger G., Guillot J.M., Sneath R., Capelli L., 
Izquierdo C., Bilsen I., Romain A.C., Zorich V., del 
Carmen Cabeza M., Liu D., Both R., Van Belois H., 
Higuchi T., Wahe L., (2021), Summary and overview 
of the odour regulations worldwide, Atmosphere, 12, 
206, https://doi.org/10.3390/atmos12020206. 

Capelli L., Sironi S., Del Rosso R., Guillot J.M., (2013), 
Measuring odours in the environment vs. dispersion 
modelling: a review, Atmospheric  Environment, 79, 
731-743. 

Conti C., Guarino M., Bacenetti J., (2020), Measurements 
techniques and models to assess odor annoyance: A 
review, Environment International, 134, 105261, On 
line at: https://doi.org/10.1016/j.envint.2019.105261. 

DAFF, (2012), Queensland Guidelines Meat Chicken 
Farms. Department of Agriculture, Fisheries and 
Forestry, 56, On line at: 
https://www.publications.qld.gov.au/dataset/queenslan
d-guidelines-meat-chicken-farms. 

Danuso F., Rocca A., Ceccon P., Ginaldi F., (2015), A 
software application for mapping livestock waste odour 
dispersion, Environmental Modelling andSoftware, 69, 
175-186. 

DEC, (2006), Department of Environment and 
Conservation. Technical Notes: Assessment and 
Management of Odour from Stationary Sources in 
NSW. Department of Environment and Conservation, 
Sydney, 68, On line at: 
https://www.epa.nsw.gov.au/your-
environment/air/industrial-emissions/managing-
odour/technical-framework-odour. 

de Melo, A.M.V., Santos, J.M., Mavroidis, I., Junior, 
N.C.R., (2012), Modelling of odour dispersion around 
a pig farm building complex using AERMOD and 



 
Di Maria et al./Environmental Engineering and Management Journal 23 (2024), 10, 2061-2070 

 

 2068

CALPUFF. Comparison with wind tunnel results, 
Building and Environment, 56, 8-20. 

DEPA, (2002), Guidelines for Air Emission Regulation. 
Limitation of Air Pollution from Installations - 
Environmental Guidelines Nr. 1. Danish Environmental 
Protection Agency, Denmark, 117, On line at: 
https://www2.mst.dk/udgiv/publications/2002/87-
7972-035-8/html/helepubl_eng.htm. 

DEPA, (2009), Order Amending the Order on Permits and 
Approvals Etc. For Livestock Farms. Order No 294 of 
31 March 2009. Danish Environmental Protection 
Agency, On line at: 
https://eng.mst.dk/media/pshbpf40/order-amending-
the-order-on-permits-and-approvals-etc-for-livestock-
farms.pdf. 

DMAV, (2005), (Departamento de Medio Ambiente y 
Vivienda). Direcci_on General de Calidad Ambiental. 
Generalidad de Catalu~na. Borrador del anteproyecto 
de ley contra la contaminaci_on odorífera. DMAV, 
Barcelona, 26, On line at: 
https://www.aragon.es/organismos/departamento-de-
medio-ambiente-y-turismo/direccion-general-de-
calidad-ambiental. 

Drew G.H., Smith R., Gerard V., Burge C., Lowe M., 
Kinnersley R., Sneath R., Longhurst P.J., (2007), 
Appropriateness of selecting different averaging times 
for modelling chronic and acute exposure to 
environmental odours, Atmospherci Environment, 41, 
2870-2880. 

EA, (2011), Environment Agency. Additional Guidance for 
H4 Odor Management: How to Comply with Your 
Environmental Permit. EA, Bristol,  43, On line at: 
https://www.gov.uk/government/publications/environ
mental-permitting-h4-odour-management. 

EHP, (2013), Queensland Department of Environment and 
Heritage Protection. Guideline: Odour Impact 
Assessment from Developments. EHP, Brisbane,  27, 
On line at: 
https://www.desi.qld.gov.au/policies?a=272936:policy
_registry/gl-odour-impact-assessment-from-
developments.pdf. 

EN, (2016a), EN 16841-1, 2016. Ambient Air - 
Determination of Odour in Ambient Air by Using Field 
Inspection - Part 1: Grid Method. European Committee 
for Standardization CEN, Brussels, On line at: 
https://standards.globalspec.com/std/10061467/en-
16841-1. 

EN, (2016b), EN 16841-2:2016, 2016. Ambient Air - 
Determination of Odour in Ambient Air by Using Field 
Inspection - Part 2: Plume Method. Brussels, Belgium, 
On line at: 
https://standards.globalspec.com/std/10061467/en-
16841-1. 

EPA Victoria, (2001), State Environment Protection Policy 
(Air Quality Management). Environment Protection 
Act 1970, Victoria Government Gazette, No. S 240 
Friday 21 December 2001. Environmental Protection 
Authority of Victoria, Melbourne, 52, On line at: 
https://www.gazette.vic.gov.au/gazette/Gazettes2001/
GG2001S240.pdf. 

EPD, (2016), Environmental Protection Department. 
Guidelines on Choice of Models and Model 
Parameters, On line at:  http://www.epd.gov.hk/. 

Galvin G., Lowe S., Smith R., (2004), The validation of a 
simple Gaussian dispersion model for determining 
odour emission rates from area sources, Development 
in Chemical Engineering and Mineral Processing, 12, 
545-558. 

 

GOAA, (2008), Guideline on Odour in Ambient Air GOAA. 
Detection and Assessment of Odour in Ambient Air. 
Second Version, Berlin, Germany, On line at: 
https://www.lanuv.nrw.de/fileadmin/lanuv/luft/geruec
he/pdf/GOAA10Sept08.pdf. 

Gouvernement Wallon, (2009), June 18, 2009-Decree of the 
Walloon Government determining the sectoral 
conditions relating to composting installations when the 
quantity of material stored is greater than or equal to 
500 m3 and amending the decree of the Walloon 
Government of July 4, 2002 relating to the procedure 
and various measures for implementing the decree of 
March 11, 1999 relating to the environmental permit 
(M.B. 11.09.2009) (in French), On line at: 
https://wallex.wallonie.be/files/pdfs/20/2109_Arr%C3
%AAt%C3%A9_du_Gouvernement_wallon_du_12_f
%C3%A9vrier_2009_d%C3%A9terminant_les_condit
ions_sectorielles_relatives_aux_installations_pour_la_
prise_d'eau_souterraine_potabilisable_ou_destin%C3
%A9e_%C3%A0_la_consommation_hu_01-10-2019-
11-01-2023.pdf. 

Guadalupe-Fernandez V., De Sario M., Vecchi S., Bauleo 
L., Michelozzi P. Davoli M., Ancona C., (2021), 
Industrial odour pollution and human health: a 
systematic review and meta-analysis, Environmental 
Health, 20, 108. 

Hangartner M., Hartung J., Pauch M., Pain B.F, Voorbuy 
J.H., (1989), Improved recommendations of 
olfactometric measurement, Environmental 
Tecnhology Letters, 74, 231-236. 

Hayes J.E., Barczak R.J., Suffet I.M., Stuetz R.M., (2023), 
The use of gas chromatography combined with 
chemical and sensory analysis to evaluate nuisance 
odours in the air and water environment, Environment 
International, 180, 108214, 
https://doi.org/10.1016/j.envint.2023.108214. 

Heaney C.D., Wing S., Campbell R.L., Caldwell D., 
Hopkins B., Richardson D., et al., (2011), Relation 
between malodor, ambient hydrogen sulfide, and health 
in a community bordering a landfill, Environmental 
Research, 111, 847-52. 

Horton R.A., Wing S., Marshall S.W., Brownley K.A., 
(2009), Malodor as a trigger of stress and negative 
mood in neighbors of industrial hog operations, 
American Journal of Public Health, 99, 610-615. 

IMEP, (2013) Israel's Ministry of Environmental Protection. 
Guideline on Odours (In Hebrew), On line at: 
http://www.sviva.gov.il. 

InfoMil, (2014), Kenniscentrum InfoMil. Digitale NeR. 
Rijkswaterstaat, Ministerie van Infrastructuur en 
Milieu, 307, On line at: https://www.infomil.nl/. 

InfoMil, (2016), Kenniscentrum InfoMil. Geur: Lokaal 
Geurbeleid, On line at: http://www.infomil.nl/. 

ISO, (2008), International Organisation for Standardization 
- ISO 5492: 2008. Sensory analysis–vocabulary, On 
line at: https://www.iso.org/standard/38051.html. 

JORF, (2003), Order of 12 February 2003 relating to the 
requirements applicable to classified installations 
subject to authorisation under heading 2730 treatment 
of by-products of animal origin, including debris, by-
products and corpses, excluding activities covered by 
other headings of the nomenclature, diagnostic, 
research and teaching establishments. J. Off. de 
R_epubl. Française, URL: 
https://www.legifrance.gouv.fr/loda/id/JORFTEXT00
0000419523/., On line at: 
https://www.legifrance.gouv.fr/loda/id/JORFTEXT00
0000419523/. 

 



 
Monitoring, acceptance limits and health consequence of odour nuisance: A short literature review on the status of the art 

 

 2069

JORF, (2008), Order of 22/04/08 establishing the technical 
rules that composting installations subject to 
authorization must comply with in application of Title 
I of Book V of the Environmental Code. JORF n. 114 
of 17 May 2008. J. Off. de R_epubl. Française, On line 
at: 
https://www.legifrance.gouv.fr/loda/id/JORFTEXT00
0018800981/. 

LNE, (2008), Background document to the Vision document 
‘The Road to a Sustainable Odour Policy’. Department 
of Environment, Nature and Energy, 108, On line at: 
https://www.minaraad.be/themas/hinder/visiedocumen
t-2018de-weg-naar-een-duurzaam-geurbeleid2019. 

MASE, (2023), Directorial decree approving the guidelines 
for the application of article 272-bis of Legislative 
Decree 152/2006 regarding odorous emissions from 
plants and activities developed by the "Emissions 
Coordination". MASE 28.06.2023, On line at: 
https://www.mase.gov.it/sites/default/files/archivio/all
egati/inquinamento_atmosferico/decr_emiss_odorigen
e.pdf. 

MDDEP, (2011), Ministry of Sustainable Development, 
Environment and Parks. Guidelines for the supervision 
of biomethanization activities. MDDEP, Qu_ebec, 57, 
On line at: 
https://www.environnement.gouv.qc.ca/publications/2
011/env20110629.htm. 

MDDEP, (2012), Ministry of Sustainable Development, 
Environment and Parks. Guidelines for the supervision 
of composting activities. MDDEP, Qu_ebec,  76, On 
line at: 
https://www.environnement.gouv.qc.ca/matieres/valori
sation/lignesdirectrices/compostage.pdf. 

MfE, (2003), New Zealand Ministry of the Environment. 
Good Practice Guide for Assessing and Managing 
Odour in New Zealand. MfE, Wellington, p. 67. Air 
Quality Report, On line at: 
https://environment.govt.nz/publications/good-
practice-guide-for-assessing-and-managing-odour/. 

NZMOE, (2003), Microbiological Water Quality Guidelines 
for Marine and Freshwater Recreational Areas; New 
Zealand Ministry for the Environment: Wellington, 
New Zealand, On line at: 
https://environment.govt.nz/assets/Publications/Files/
microbiological-quality-jun03.pdf. 

OAW, (1994), Environmental science principles and 
objectives within the framework of the National 
Environmental Plan for the areas of climate, air, odor 
and noise, Austrian Academy of Sciences, Commission 
for Air Quality Control. Federal Ministry for the 
Environment, Youth and Family, Vienna. Series of 
Section I, Volume 17, On line at: 
https://www.oeaw.ac.at/fileadmin/kommissionen/klim
aundluft/1994_NUP_kurz.pdf. 

Pringer M., Knauder W., Petz E., Schauberger G., (2015). A 
comparison of separation distances against odour 
annoyance calculated with two models, Atmospheric 
Environment, 116, 22-35. 

Provincia di Trento. (2016), Guidelines for the 
characterization, analysis and definition of technical 
and management criteria for the mitigation of emissions 
from activities with odorous impact. DGP n. 1087 of 
24.06.2016, On line at: 
https://www.ufficiostampa.provincia.tn.it/content/dow
nload/38536/643559/file/Linee_guida_odori.pdf. 

Ranzato L., Barausse A., Mantovani A., Pittarello A., Benzo 
M., Palmeri L., (2012), A comparison of methods for 
the assessment of odor impacts on air quality: Field 
inspection (VDI 3940) and the air dispersion model 

CALPUFF, Atmospheric Environment, 61, 570-579 
Regione Lombardia, (2012), Regional Council Resolution 

15 February 2012-n. IX/3018. General determinations 
regarding the characterization of gaseous emissions 
into the atmosphere resulting from activities with a 
strong odorous impact. Official Bulletin 20 February 
2012, 18-49, On line at: 
https://www.regione.lombardia.it/wps/wcm/connect/8c
3b2bab-5c37-4a55-8397-
b0a9d684f094/DGR+3018_2012.pdf?MOD=AJPERE
S. 

Schauberger G., Piringer M., Schmitzer R., Kamp M., Sowa 
A., Koch R., Eckhof W., Grimm E., Kypke J., Hartung 
E., (2012), Concept to assess the human perception of 
odour by estimating short-time peak concentrations 
from one-hour mean values. Reply to a comment by 
Janicke et al., Atmospheric Environment, 54, 624-628. 

Schinasi L., Horton R.A., Guidry V.T., Wing S., Marshall 
S.W., Morland K.B., (2011), Air pollution, lung 
function, and physical symptoms in communities near 
concentrated swine feeding operations, Epidemiology, 
22, 208-15. 

Schulte D.D., Modi M.R., Henry C.G., Billesbach D.P., 
Stowell R.R., Hoff S.J., Jacobson L.D., (2007), 
Modeling Odor Dispersion from a Swine Facility Using 
AERMOD,  Int. Symp. on Air Quality and Waste 
Management for Agriculture, , Broomfield, Colorado. 

Scire J.S., Strimaitis D.G., Yamartino R.J., (2000), A user’s 
guide for the CALPUFF dispersion model, Earth Tech, 
Inc. Concord, On line at: 
https://www.ihamodel.com/wp-
content/uploads/2018/11/CALPUFF_UsersGuide.pdf. 

Smith R.J., (1995), A Gaussian model for estimating odour 
emissions from area sources, Mathematical and 
Computer Modeling, 21, 23-29. 

Smith M., (1968), Recommended Guide for the Prediction 
of the Dispersion of Airborne Effluents, American 
Society for Mechanical Engineers, New York. 

TA-Luft, (2002), Technical Instructions on Air Quality 
Control. First General Administrative Regulation 
Pertaining to the Federal Immission Control Act. 
Federal Ministry for Environment, Nature 
Conservation and Nuclear Safety, 252, On line at: 
https://www.bmuv.de/fileadmin/Daten_BMU/Downlo
ad_PDF/Luft/taluft_engl.pdf. 

UNI, (2000), Assessment of the dispersion of gaseous 
effluents into the atmosphere - Guide to the selection 
criteria of mathematical models, UNI 10796:2000, On 
line at: https://store.uni.com/. 

UNI, (2022), Stationary source emissions. Determination of 
odour concentration by dynamic olfactometry and 
odour emission rate, UNI EN 13725:2022, On line at: 
https://www.en-standard.eu/bs-en-13725-2022-
stationary-source-emissions-determination-of-odour-
concentration-by-dynamic-olfactometry-and-odour-
emission-
rate/?msclkid=f80ba65a9bf919e85317c0b69c330b7c. 

Valli L., Immovilli A., (2008), Measurements of odour 
annoyance by integrated assessment methodologies, 
Chemical Engineering Transactions, 15, 207-214. 

VITO, (2012), Air Guidelines: Updated Version. Project 
Number: 222058212, On line at: 
https://omgeving.vlaanderen.be/sites/default/files/2021
-10/defRLBlucht2012_aangepast2021.pdf. 

VROM, (2006), The State Secretary for Housing, Spatial 
Planning and the Environment.Odour Nuisance and 
Livestock Farming Act. 5 October 2006, Valid from 01-
01-2013 to present. The Hague, Netherlands, On line at: 
https://www.rijksoverheid.nl/ministeries/ministerie-



 
Di Maria et al./Environmental Engineering and Management Journal 23 (2024), 10, 2061-2070 

 

 2070

van-volkshuisvesting-en-ruimtelijke-ordening. 
VROM, (2007), The Minister of Housing, Spatial Planning 

and the Environment. The State Secretary of Transport, 
Public Works and Water Management. Environmental 
Management Activities Decree. 19 October 2007, Valid 
from 01-01-2013 to the present. The Hague, Nederland, 
On line at: 
https://www.rijksoverheid.nl/ministeries/ministerie-
van-volkshuisvesting-en-ruimtelijke-ordening. 

Wing S., Horton R.A., Rose K.M. (2013), Air pollution from 
industrial swine operations and blood pressure of 
neighboring residents, Environmental Health 
Perspectives, 121, 92-6.  

Wroniszewska A., Zwozdziak J., (2020), Odor Annoyance 
Assessment by Using Logistic Regression on an 
Example of the Municipal Sector, Sustainability, 12, 
6102. 

Yamartino R., Scire J., Carmichael G., Chang Y., (1992), 
The CALGRID mesoscale photochemical grid model- 

 
 
 
 
 
 

I. Model formulation, Atmospheric Environment Part A, 26, 
1493-1512. 

Yeo U.H., Decano-Valentin C., Ha T., Lee I.B., Kim R.W., 
Lee S.Y., Kim J.G., (2020), Impact Analysis of 
Environmental Conditions on Odour Dispersion 
Emitted from Pig House with Complex Terrain Using 
CFD, Agronomy, 10, 1828. 

Yu Z., Guo H., Laguë C., (2013a), Sensitivity analysis of a 
livestock odour dispersion model (LODM) to input 
parameters, Part 1: Source parameters and surface 
parameters, Canadian Biosystem Engineering, 55, 6.1-
6.11.  

Yu Z., Guo H., Laguë C., (2013b), Sensitivity analysis of a 
livestock odour dispersion model (LODM) to input 
parameters, Part 2: Meteorological parameters, 
Canadian Biosystem Engineergin, 55, 6.13–16.23. 

Zhu J., Jacobson L.D., Schmidt D.R., Nicolai R., (2000), 
Evaluation of INPUFF-2 model for predicting 
downwind odors from animal production facilities, 
Applied Engineering Agriculture, 16, 159-164. 

 
 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


