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Abstract—This work presents results of odour concentration measurements performed by an olfactometric method in 
respect to industrial emissions, which are the source of offensive odour substances released into atmosphere. Moreover, 
this work also includes the measured odour concentrations at major sources of a wastewater treatment plant, as well as 
at heat and power plants. Related measurements were performed in the course of technological operations regarding 
fuel oil discharge and steam cleaning of railroad tank cars. Finally, this work introduces several approaches to further 
development of the odour regulation system in Russia. These approaches are based both on the foreign experience 
and the national sanitary regulation system regarding pollutant substances in ambient air of inhabited territories.
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Appearance of offensive odour in the air is imme-
diately fi xed by man, causing discomfort and irritation. 
An individual substance having its own scent, its re-
fl exive impact on a person is taken into account when 
setting maximum permissible concentration (MPC) of 
the compound. However, in many cases the odour is not 
formed by a separate matter but by a complex mixture of 
substances, and it is often impossible to identify specifi c 
odouring compounds, most of which are unidentifi ed 
and have no MPC. Moreover, even those odouring 
compounds being in a mixture for which the standard 
MPC is regulated, often present in such small quantities 
that air quality control doesn’t show any MPC excess, 
despite the presence of a distinct odour. 

If the odour is not formed by an individual matter, but 
by a mixture of odour substances of unknown composi-
tion, the developed countries do not control emissions of 
individual odour substances, but the odour in the whole. 
Measures to control odour include the most diverse ac-
tivities, including population surveys, analysis from the 
public complaints, inspections, etc. However, the com-
plete quantitative assessment of the odour in the air or 
industrial emissions  is provided only by the olfactometric 
method and subsequent modeling of odour emissions into 
the atmosphere. Olfactometry is a method of measuring 
the odour according to its impacts on a human being, 
the human nose serves as a odour detector. The human 
sense of odour is rather acute, since the threshold of 
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human odour perception in many cases is far below the 
sensitivity of detectors used in existing methods. Odour 
concentrations in the emissions obtained at olfactomet-
ric studies are used to calculate the emissions of odour, 
olfaction modeling in the atmosphere and establishing 
standards for the odour in the air. 

 In Russia no attention was paid to the problems of 
odour emissions from industrial plants up to the now. 
However, an increasing number of complaints from peo-
ple on odour tired of living in uncomfortable conditions, 
forced the public authorities to take decisive action. In 
particular, in the near future a system of control and 
regulation of odours is expected to be introduced in 
Russia. At the same time the most advanced enterprises 
with sources of odourous emissions have already un-
derstood the importance of this problem and the need 
for quantitative research on odour emission sources 
belonging to the enterprise. 

A device for measuring the concentration of odour 
by means of a human nose is called olfactometer. In 
olfactometer the odourous material is diluted with clean 
air in various proportions and, consequently, in different 
concentrations is served to the members of the expert 
group, who must choose the only answer: “Yes, it odours” 
or “No, no odour”. Odour measurements obtained by 
olfactometer allow to obtain its concentration in units of 
odour in a cubic meter of air (OU m–3), where one unit of 
odour (OU) is the concentration of odour that is odoured 
by more than 50% of experts. The obtained concentra-
tions in the emissions are used to calculate the emissions 
of odour modeling the scent emissions in the atmosphere 
and establishing standards for the odour in the air. 

This study presents the results of olfactometric 
analysis of odour emissions at several Russian enter-
prises carried out by the Research Institute of Air Pro-
tection (St. Petersburg, Russia), where the olfactometric 
Laboratory was organized in 2008. The research was 
caused by a large number of public complaints on the 
odour, while the environmental authorities failed to 
detect the excess of air quality standards in residential 
areas adjoined to enterprises on the substances which 
are included into the control standards schedule for 
maximum permissible emissions. 

OLFACTOMETRIC STUDY OF ODOUR 
EMISSIONS FROM THE WASTEWATER 

TREATMENT PLANT

Waste water treatment plants receiving sewage dis-
posal resulting from human activity as well as essential 
attributes of large industrial cities. Such enterprises 

usually built at some distance from the city as, being 
powerful sources of emissions of odourous substances, 
affect the population. However, the active construction 
of cottage settlements near the cities, as well as the 
expansion of the residential area of the cities themselves 
lead to an increasing number of people living in close 
proximity to such enterprises. Correspondingly that each 
year the number of public complaints on the odour in-
creases. It should be said that environmental authorities 
are doing any actions. All the above mentioned enter-
prises conduct an inventory of pollutant emissions and 
set standards of maximum permissible emissions, which 
are controlled in accordance with the approved schedule. 
Besides, residential areas around such enterprises are 
usually periodically measured on odourous substances 
in the air, which, as a rule, do not confi rm the existence 
of any excess of air quality standards.

The situation when unpleasant odour is felt in sur-
roundings of an enterprise, while the concentration of 
controlled substances in the air is significantly below 
normal values, is fairly typical. It is associated primarily 
with the fact that the composition of odourous emissions 
in a given production process is usually much more 
complicate than is refl ected in the relevant inventory and 
valuation documents. As it has already been mentioned, the 
odour causes a set of various substances, many of which 
may be present in trace quantity. Therefore, to solve the 
odour problem through the provision of such mixtures of 
individual substances and their valuation in most cases is 
extremely time-consuming and impractical process. So, 
in the case of a complex mixture of odourous substances 
with inability of identifi cation of specifi c compounds the 
only way to assess the impact of odours on a human 
being is to study the odour emission. The emissions of 
enterprises of waste water treatment containing a mixture 
of macro and trace quantities of a variety of substances 
formed during the decomposition of biological materials 
present just a complex system, and the odours caused by 
decomposing sewage are impossible to correlate with any 
specifi c individual odourous substances. 

The results of olfactometric research of odour 
emissions produced by a plant of household, industrial 
and surface waste water treatment in one of industrial 
cities are considered below. The plant is located at a 
distance of 8 km from St. Petersburg city limits. There 
are some summer cottages and two small villages in 
the vicinity of the latter. Based on organoleptic evalua-
tion, performed during the fi eld survey of the territory 
surounding the plant, six sources with the most strong 
odour were assigned. These sources include a receiving 
chamber, grills, sand trap, primary sedimentation tanks, 
aeration tanks and sludge thickeners. At least fi ve sam-
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ples were taken at each of the selected sources. Average 
olfactometric results of sample analysis, as well as the 
calculated values   of intensity of emission of odours are 
presented in Table 1. 

The highest concentration of odour is observed 
during the initial processing of the coming wastewa-
ter. While cleaning, the odour concentration decreas-
es. Despite the fact that the maximum concentration 
is found in the emissions at the fi lter screen, where 
the primary mechanical separation of the major water 
contaminants (a stationary source, where emissions 
enter the atmosphere through a ventilating pipe) takes 
place, the odour emission effi ciency is less than that 
from other sources characterized by lower concen-
trations of odour. This is due to the fact that other 
sources are nonorganized and are the large areas of 
open water.

Calculation of the dispersion of the odour emissions 
of the studied enterprises in accordance with “Method 
of calculating the concentration of harmful substances 
in emissions of enterprises” [1] shows that its emis-

sions can create very high concentrations of odour 
within inhabited territories (Table 2). The maximum 
calculated concentration of odour in the summer cot-
tage area, directly adjacent to the plant reaches 136 
OU m–3, and the concentration of odour on the border 
of the neighboring villages can reach 40–90 OU m–3. 
In developed countries the standard of odour in rural 
areas with low density of population varies from 5 to 
15 OU m–3 [2–6]. Table 1 shows that obtained concen-
tration of odour is in large excess over the normative 
values of other countries. 

Calculation of odour dispersion received from dif-
ferent sources shows that the receiving chamber makes 
the main source of the air pollution (about 50%). The 
contribution of other sources is much lower and ranges 
from 5% to 12%. Accordingly, one of the important 
fi ndings of this study is to identify the main source of 
emissions of odour, where activities to reduce emissions 
of odourous substances are more reasonable. Signifi cant 
reduction of the odour emissions of such source will 
largely solve the problem of odour, even in the absence 
of any activities on other sources. 

Table 2. Maximum calculated concentrations of odour generated in a residential area by emissions of wastewater treatment 
plants  

No. Location The concentration of odour , OU m–3

1 Summer cottages 136

2 Village no. 1 90

3 Village no. 2 42

Table 1. The concentration and emission strength of odorous emissions from sources of wastewater treatment plants

Emission source
Concentration,

OU m−3

Emission power,

OU s−1 10−3

Screening plant frame, receiving chamber 4903 55.65

Screening plant frame, screening plant 7220 3.99

Uncovered structures, primary sedimentation tank 202 11.99

Uncovered structures, sand trap 34 1.79

Uncovered structures, aeration tank 25 8.23

Uncovered structures, sludge thickener 25 0.28
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OLFACTOMETRIC STUDY OF ODOUR 
EMISSIONS DURING THE UNLOADING OF 
RAILROAD TANK CARS WITH FUEL OIL 

At some enterprises, such as heat and power plant 
(HPP) and boiler-houses that use liquid fuel, the unload-
ing of railroad tank cars with fuel oil takes places rather 
regularly, and is often accompanied by complaints on 
odour from the public. Organoleptic observations of 
fuel oil discharge and steam cleaning of railroad tank 
cars show that the causes of odour are: 

* trestle approach, where railroad tank cars are dis-
charged and steam cleaned, with the release of steam 
along with the odourous substances through the neck 
tube, as well as through the overfl ow launder; 

* intermediate storage tanks, where the heated oil 
is poured to from railroad tank cars with  odouring 
substances released along with steam; 

* fuel oil tanks where oil is pumped from intermedi-
ate storage tanks. The temperature of fuel oil in tanks 
being 50–80°C, the tank airspace is gradually saturated 
by odourous substances that evaporate and emit at tank 
breathing. 

 Four Russian enterprises (HPP and three boiler-
houses) are chosen for sampling and olfactometric 
analysis of odour emission during unloading of fuel oil. 

Average results of measurements of odour concentra-
tions in (Table 3) show that the maximum concentrations 
of odour emissions during fuel oil discharge reach up 
to 38000–47000 OU m–3. The concentration of odour 
at steam cleaning of railroad car tanks and fuel oil 

discharge at three enterprises (no. 1, 2 and 4) is within 
the range of 2400–6000 OU m–3, i.e by an order of 

magnitude less than during the fi lling. The only ex-
ception of emissions was observed at enterprise no. 3, 
where the concentration of odour at steam cleaning is 
almost ten times higher than in the rest of boiler-houses, 
and even slightly higher than the concentration of the 
odour from the receiving tank. The enterprise no. 4 
was sampled twice: in  winter and in summer, while 
in summer the odour concentration during discharge 
exceeds the “winter” concentration about 4 times. 
Increasing concentration of odourous substances in 
emissions during summer can be explained by effect of 
higher temperatures evaporation, which is more intense. 
However, this signifi cant increase in the concentration 
of odour in summer can hardly be explained only by 
the high air temperature. It should be noted that the 
procedure of fuel oil discharge and steam cleaning at 
all the studied HPP is almost identical and therefore, 
varying concentrations of odour emissions under the 
same weather conditions can not be explained by dif-
ferences in technology. The only difference of the 
studied enterprises is manufacturing plants, where fuel 
comes from. Production technology of fuel oil at Rus-
sian enterprises is practically the same everywhere, but 
the quality and composition of arriving oil may vary 
signifi cantly. Therefore, the most reasonable explana-
tion for the differences in the concentrations of odour 
emissions during the above mentioned procedures is 
different composition and content of impurities in fuel 
oil. Unfortunately, the current specifi cation on arriving 
fuel oil makes it impossible to evaluate preliminarily 
its odour emissions during the unloading. In general, 
according to the presented results, it can be concluded 
that the use of high-quality oil will allow to reduce sev-
eral times the emissions of odourous substances during 
fuel oil discharge and steam cleaning of railroad tank 
cars without any costly and labor-consuming activities. 

According to the results of concentrations of odour 
emissions at the above mentioned enterprises, the power 

Table 3. The average value of odour concentration at discharge  and storage of fuel oil and steam cleaning of railroad 
tank cars

Process operation Average value of odour concentration, OU m–3

Number of enterprises no. 1 no. 2 no. 3 no. 4

Oil discharge and steam cleaning 5965 2450 48609 4964
20170а

Receiving tank 37954 – 46729 –

Fuel oil tank 45931 – – –

а The measurements were carried out during summer.
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of odour emission (OU s–1) was calculated based on simul-
taneous unloading of two (minimal emissions) or eight 
(highest emissions) of railroad tank cars. The dispersion 
of odour emissions within the enterprise surroundings 
was also calculated, in particular, on the border of the 
residential area [1]. The results are shown in Table. 4. 
Low concentrations of odour in a residential area around 
the enterprise no. 2 are due to a signifi cant distance of 
the nearest building from the enterprise located in an 
industrial zone. 

As for the enterprise no. 1 located near the city 
center, the impact of odour on the population according 
to the public complaints was additionally estimated. For 
this purpose, several isolines of calculated concentra-
tions of odour in the air (1, 3, 5 and 10 OU m–3) were 
studied, commonly used in developed countries as a 
threshold limit value. It was estimated that during the 
unloading of the maximum possible number of rail-
road tank cars the odour concentration 1 OU m–3 was 
achieved at a distance of approximately 1.2–1.5 km 
from the emission source, the concentration of odour 
5 OU m–3 was achieved at a distance of 300–500 m. 
Comparison of concentration isolines 1 and 5 OU m–3

with the places where people live and note the odour 
of petroleum products, shows that the overwhelming 
majority of complaints come from the territory bounded 
by the isoline of the concentration of 1 OU m–3, i.e. at 
this concentration people not only feel the odours of oil, 
but also begin to complain actively on the discomfort 
caused by such odour. 

In general, according to the estimated dispersion of 
emissions, concentrations of petroleum odour generated 
in a residential area during the unloading of fuel oil 
is substantially lower than in the case of a wastewater 
treatment plant. However, it should be noted that the 
studied enterprises engaged in unloading fuel oil are 

located within a large industrial city and the concentra-
tions given in Table 4 are formed in a heavily populated 
area, affecting a large number of people. Wastewater 
treatment plant, as already mentioned, is located outside 
the city, near two small villages and summer cottages 
and, respectively, far fewer people suffer from high 
levels of odour in the air.

Thus, the olfactometric studies of odour emissions 
performed at several Russian enterprises not only dem-
onstrate the validity of public complaints on the odour 
but indicate possible solutions of this problem. At the 
same time, in the absence of regulatory framework in 
respect to odour, similar studies are of limited scope 
and do not allow environmental authorities to act upon  
enterprises and require any actions to reduce emissions 
of odourous substances. 

APPROACHES TO REGULATION AND CON-
TROL OF EMISSIONS AND AMBIENT AIR 

In most developed countries the control over the odour 
in the air has long been common practice. At early stage 
of implementing the odour regulation, some attempts were 
made to establish unifi ed standard of odour for large areas 
or even the whole country, but further research showed 
inexpediency of such method. Currently, the odour regu-
lation is carried out at the local level, with an established 
standard for a certain inhabited territory with a specifi c 
source of emissions of odourous substances. Accordingly, 
even within a certain region the odour standard is not a 
fi xed quantity and is determined, according to the char-
acteristics of specifi c areas (places of dense population, 
recreation areas, industrial areas, rural areas, etc.). In 
some countries, the value of odour standard depends on 
population density: the higher the density, the stricter the 
standard is. As an example, the current odour standards 
in New Zealand are given in Table 5 [4]. 

Table 4. Calculation results of scattering odour emission of oil products at fuel oil unloading 

Number of enterprises
Odour concentration in ambient air of residential area, OU m–3

at maximal odour emission at minimal odour emission

no. 1 4.6−6.2 2.2−5.4

no. 2 0.68 0.20

no. 3 31.4−35.5 7.0−7.8

no. 4 2.9−5.0 0.9−1.2
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In general, the odour standard in developed coun-
tries, based on the results of dispersion of odourous 
emissions is at the level of 2–15 OU m–3 [2–6]. 

In Russian Federation, despite the absence of the 
odour monitoring in the ambient air, the gradual under-
standing of the importance of the problem involves not 
only people, who do not want to live in uncomfortable 
conditions, but also the state environmental authorities. 

Currently, the Research Institute of Air Protection 
in collaboration with A.N. Sysin Institute of Human 
Ecology and Environmental Hygiene (Moscow) are 
developing a procedure for regulation and control 
of odour in the air of residential areas, as well as 
emissions of odourous substances in the atmosphere 
[7–11]. Standards of odour in the air are supposed to 
be determined for certain relatively small areas in the 
vicinity of those enterprises, which industrial activity 
is accompanied by a large number of public complaints 
on odour. Maximum permissible emissions of odourous 
substances at such enterprises will be also established, 
i.e. the emission values, which, according to simulative 
calculations of dispersion of emissions, do not exceed 
the odour concentrations above the set standard. 

It should be noted that in Russia the system of 
hygienic regulation of pollutants in ambient air in 
settlements based on MPC has been successfully 
functioning for several decades [12]. Based on [12] 
hygienic standards of individual odourous substances 
according to their refl ex effects on humans have been 
established, as well as some mixtures of odourous 
substances in the dimension mg m–3, for example, 
MPC for volatile fl avors used in the manufacture of 
chewing gum and MPC for volatile mixture of fra-
grances and essential oils contained in the industrial 
emissions of perfumery and cosmetics industry. So, 
valuation of the odour in this already-established and 
well-working system would be quite natural. At the 

same time, applying the method of valuation of pol-
lutants to the rationing of odour as a whole it should 
be taken into account that when assessing the refl ex 
effects of contaminants the standard is set with the 
dimension mg m–3, as in such cases a control sample 
with known concentrations of standardized materials 
is used. While determining the standard it is neces-
sary to study the odour test odours selected directly 
on the source of emissions, as it is impossible to 
simulate complex mixture of emission substances in 
the laboratory.  Since the qualitative and quantitative 
composition of the sample odour is unknown, the 
concentration of odour with the dimension of OU m–3

determined by the olfactometric method is the only 
quantitative characteristic. Accordingly, the odour 
standard has the same dimension. 

Another difference is that the sanitary system of regu-
lation of pollutants in Russia is based on an assessment 
of harmful effects of pollutants on human health or his 
future descendants. In most cases odour is formed by a 
complex mixture of odouriferous substances, where each 
agent individually may be present in small amounts and not 
endanger humans in terms of impact on health. Therefore, 
the presence of the odour in the air is not so hygienic, but 
the social factor making human life unhealthy. 

Nevertheless, hygienic method of valuation of pol-
lutants can also be used to determine the threshold 
concentration of odour, which under the particular 
circumstances (population density, the model results, 
places of complaints, etc.) is good to set the value 
standard for the odour of a certain area. 

The introduction of odour valuations in the air into 
the environmental practices of the country requires 
monitoring of the established standards. According to 
the international experience, control, in most cases, 
should be conducted at sources of odourous emissions 
or on the basis of fi eld investigations of odour. 

Table 5. Odour standards in New Zeland

Population density, men km−2 Smell standard, OU m–3

≥~2000 and/or schools, hospitals 2

~500 3

~125 4

~30 5

~10 6

separate house 7
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Control at the source includes: 

* sampling of odour emissions at the source of the 
controlled enterprise; 

* olfactometric analysis of samples taken to deter-
mine the concentration of odourous emissions (OU m–3); 

* calculation of odourous emissions (OU s–1); 

* calculation of dispersion of odourous emissions in 
the vicinity of the enterprise. 

In Russia, for calculating the dispersion of emis-
sions “Technique to calculate the concentration of 
harmful substances in emissions of enterprises is 
used [1], which can also be used to calculate the dis-
persion of odourous emissions. When comparing the 
calculated maximum concentration of odour on the 
border of a residential area with the regulatory value, 
the compliance or non compliance with the odour 
standard is elicited. However, it should be noted that 
this method is quite time-consuming and expensive. 
It is used at the primary study of odourous emissions, 
and its results are applied to a draft of normative 
values   of concentration of the odour in the ambient 
air for a particular locality. Repeated measurements 
of odourous emissions and the subsequent calcula-
tion of the dispersion are reasonable to be carried out 
during change of raw materials, production process, 
production modernization, evaluation of measures to 
reduce emissions of odour, etc., as well as according 
to prescription of inspection authorities. 

In monitoring the standard odour during fi eld stud-
ies the portable olfactometers can be used, which can 
measure the concentration of odours directly in the air 
of populated areas. In addition, fi eld studies may include 
examination of the territory of the residential area ad-
jacent to an enterprise by specially trained inspectors, 
evaluating odour by organoleptic method. The program 
of fi eld studies is developed for each case individually, 
taking into account climatic and geographic conditions, 
surface topography, frequency of odourous emissions, 
odours, etc. The developed program must be tested in real 
conditions, odour concentrations measured in ambient 
air must be compared with the results of dispersion of 
odourous emissions from sources of odourous substances. 

CONCLUSION

To reduce the social strain among the population liv-
ing near sources of odours, a national system of regula-

tion and control over odours is need. It can be based on 
a combination of Russian hygienic standardization of 
odourous substances and approving of the international 
experience of developed countries.

REFERENCES

1. Metodika Rascheta Koncentracii v Atmosfernom Voz-
dukhe Vrednykh Veshchestv, Soderzhashchikhsia v 
Vy-brosakh Pred priatii (Method of Calculating the 
Concentrations of Harmful Substances Contained in In-
dustrial Emissions, in the Atmospheric Air) (OND-86), 
M: Gidrometeoizdat, 1986.

2. Standard Prac tice for Deter mination of Odor and Taste 
Thresholds By a Forced-Choice Ascending Concentra-
tion Series Method of Limits, American Standard ASTM 
E679-91, 1997.

3. Stationary Source Emissions – Determination of Odour 
Concentration by Dynamic Olfactometry, Australian 
and New Zealand Standard AS/NZS 4323 :3 :2001, 
www.standards.co.nz.

4. Assessment and Management of Odour From Station-
ary Sources in NSW, Technical framework, 2006.

5. Olfactory Measurement Method in Japan, Japanese 
Standard.

6. Guidelines on Odour Pollution & Its Control, Indian 
standard, 2008.

7. Tsibulskii, V.V., Yatsenko-Khmelevskaya, M.A., Khi-
trina, N.G., and Korolenko, L.I., in Sbornik Nauchnihkh 
Stateyj NII Atmosfera (Collection of Scientifi c Papers, 
SRI Atmosphere), St. Petersburg, 2009, p. 219.

8. Tsibulskii, V.V., Yatsenko-Khmelevskaya, M.A., Khi-
trina, N.G., and Korolenko, L.I., in Sbornik Nauchnihkh 
Stateyj NII Atmosfera (Collection of Scientifi c Papers, 
SRI Atmosphere), St. Petersburg, 2010, p. 131.

9. Tsibulskii, V.V., Yatsenko-Khmelevskaya, M.A., Khi-
trina, N.G., and Korolenko, L.I., in Sbornik Nauchnihkh 
Stateyj NII Atmosfera (Collection of Scientifi c Papers, 
SRI Atmosphere), St. Petersburg, 2011, p. 82.

10. Tsibulskii, V.V., Yatsenko-Khmelevskaya, M.A., Khi-
trina, N.G., and Korolenko, L.I., Atmosfera, 2010, no. 
4, p. 30.

11. Tsibulskii, V.V., Yatsenko-Khmelevskaya, M.A., Khi-
trina, N.G., and Korolenko, L.I., Ekologiia proizvod-
stva, 2011, no. 4, p. 52.

12. Vremennye Metodicheskie Ukazaniia po Obosnovaniiu 
Predel’no Dopustimykh Koncentracii (PDK) Zagri-
azniaiushchikh Veshchestv v Atmosfernom Vozdukhe 
Naselennykh Mest (The Tentative Methodological 
Regulations on the Substantiation of Maximum Per-
missible Concentrations (MPC) of the Polluting Sub-
stances in Atmospheric Air of the Populated Areas), 
Moscow, 1989.



<<
  /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




