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Abstract The seasonal behavior of the mass of PM, 5 and
its elemental components and their contribution to the mass
of the particles is described for two different sites in
Guadalajara City. The average mass of the particles for the
entire study period at the two sites, Centro and Miravalle
(1.3 and 1.8 mg, respectively), showed significant differ-
ences (p < 0.05), while differences (p < 0.05) between
seasons (rainy and dry season) only occurred at Miravalle.
The total elemental contribution to the mass of the particles
was 1.97% in Miravalle and 2.05% at Centro, with Iron and
Titanium the largest contributors and most abundant ele-
ments for both sites. Likewise, the monthly contribution
per element with respect to the monthly mass of all ele-
ments was estimated. The results revealed that the elements
that present the biggest contribution to this mass were Iron,
Titanium, Zinc and Magnesium. Iron was the largest con-
tributor at both sites. At Miravalle, the contribution oscil-
lated between 56 and 58% from January to June, while at
Centro it oscillated between 55 and 40% for the same
period of time.

Keywords Elemental composition: PM, 5 - Health -
Trace elements

The Metropolitan Zone of Guadalajara (MZG) is the sec-
ond largest urban area and one of highest population
growth rates (Instituto Nacional de Estadistica y Geografia
(INEGI) 2005) of Mexican cities, with a population of
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approximately 4.1 million people. This population phe-
nomenon is attributed to the establishment of various
industrial complexes and the ever growing demand for
goods and services to fulfill the population’s needs, which
have led to a notorious increase in traffic density. It is
estimated that about 1.3 million vehicles daily circulate
throughout the MZG. These factors have significantly
increased pollutant emissions to the atmosphere, which has
caused a deterioration in air quality and could have a
repercussion in the quality of life for the inhabitants.
Recent estimations have shown emissions to be about
1,389,047 tons/year of diverse pollutants originating pri-
marily from the transport sector, due to fossil fuels con-
sumption, followed by industrial emissions and services in
the urban area (Programa para el mejoramiento de la
Calidad del Aire en la Zona Metropolitana de Guadalajara
(PROAIRE) 1997-2001). In general, vehicle emissions are
the main contributing source to fine particles or PM; s,
followed by soil, secondary aerosols, industry and com-
bustion during food preparation (Mugica et al. 2009). Such
pollutants could be present in a gas or particulate phase; the
latter, also known as suspended particles, are classified by
their aerodynamic diameter as coarse, fine and ultrafine
(Finlayson-Pitts and Pitts Jr 2000).

Fine particles, or PM2.5, are one of the pollutants that
have generated the most concern in Guadalajara City as well
as in other parts of the world, even though annual emissions
are less than 1% of the total. Their physical and chemical
properties encompass different types of effects in the envi-
ronment and health of the population potentially exposed.
Fundamentally, they have the property for depositing and
coming in contact with the internal tissue of the lung, car-
rying to the lung a complex mixture of thousands of com-
pounds. A number of these compounds present diverse
physical and chemical properties, with different degrees of
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reactivity, toxicity and carcinogenicity (Go6tschi et al. 2005).
They enter into the alveolar zone, where there is no mucus
protection layer and where the time to evacuate the deposited
particles is much greater than in the rest of the respiratory
system (Finlayson-Pitts and Pitts Jr 2000). Therefore, the
probability of interaction or the entrance of these compo-
nents into the metabolism increases. The toxicity of the
particulate material depends on the relative contribution of
the sources of emission and on their aerodynamic diameter
(Kim and Jaques 2000). Every day more evidence reinforc-
ing the hypothesis of the association between the effects
upon health and the chemical composition of the particulate
matter is found (Dagher et al. 2006; De Kok et al. 2006; Billet
et al. 2007). In this sense, the PM, 5 fraction has been dem-
onstrated to be an important risk factor for health since it
induces the presence of inflammatory and toxicological
markers in the lungs, whose degree of adverse effect depends
not only on the concentration but also on the source of
emissions (Duval et al. 2008). In terms of mass concentra-
tion, fine and ultrafine particles are strongly associated with
the increments in mortality when they are compared with
coarse particles (Schwartz et al. 1999). These effects of fine
particles on public health depend on the content of some of
their chemical components. Among these are some trace
elements, especially some heavy metals, whose presence
renders them more toxic (Sharma and Maloo 2005). The
fraction of metals in particles, although it is usually very low
in terms of mass, could represent a substantial part of the
toxicity of the suspended particles (Schwela 2000). Despite
this, in MZG, there is currently scarce information that
supports the aforementioned presence of metals and that also
tackles the analysis of the degree of exposure of the popu-
lation to this kind of toxic pollutants.

The aim of the present research study is to describe the
behavior per site and per season of the mass of PM, 5 as well
as to analyze elemental components and their contribution to
the composition of fine particles, in order to know the degree
of exposure to trace and heavy elements, which due to their
known toxicity represent a risk to MZG inhabitants’ health.

Materials and Methods

The selected particle collection sites were Centro and
Miravalle, which is located in the southern MZG. At these
sites data on the levels and variation of PM, 5 are known, and
there is also information, mainly inorganic, about their
composition. Likewise, at these two sites the Atmospheric
Monitoring Network of Guadalajara City (Red de Monitoreo
Atmosférico de la Ciudad de Guadalajara (RAMAG) has
automatic monitoring equipment for some of the meteoro-
logical parameters (relative humidity, temperature, wind
velocity and direction). The samples of PM, 5 were taken

using low volume Rupprecht and Patshnick Co. equipment
model Partisol 2300 (New York, USA) which operated at
16.6 L min~" for periods of 24 h (12:00-12:00 pm)
between January and June, 2008. The methodology followed
to analyze the samples has been extensively detailed by
Saldarriaga-Norefia et al. (2009). Briefly, an acid extraction
was carried out (30 mL HNO;-HCI 2.6:0.9 M) in PTFE
tubes by means of an ultrasonic bath for 30 min at 60-70°C;
the acid extracts were adjusted to 50 mL and were analyzed
by ICP-MS (Model ELAN 6100, Perkin Elmer, USA); the
analytic system was calibrated by using calibration curves
(r > 0.999) prepared in an acid solution of similar compo-
sition to the one of the samples. The instrumental detection
limits for all analyzed metals were near to 0.0001 pg mL ™",
except for Fe and Mg which were 0.016 and 0.002 pg mL ™",
respectively. The validation of the analytical method was
carried out using certified reference material SRM 1648 from
the National Institute of Standards of Technology (NIST,
Gaithersburg, MD, USA). Recovery of elements ranged
from 80 to 120% with variations below 10%, except for Zn
which was less than 20%.

The Shapiro—Wilk test was applied to the whole set of
data in order to confirm their normal distribution. In the
same manner, the data considered in this research study
were validated by applying the percentiles from 10 to 90%,
calculating basic parameters such as mean, standard
deviation, median, maximum and minimum. The Mann—
Whitney test was used to establish the significant differ-
ences in the levels of particles and their elemental
components among sites and seasons. All the statistical
analyses were carried out using STATISTICA 6 software.

Results and Discussion

The statistical analysis of the mass of the particles reveals
that there were significant differences in their levels
between sites when considering the entire sampling period,
with the higher levels at Miravalle (p < 0.05). Also, from
the data analysis per season (Dry Season (DS, January—
May) and Rainy Season (RS, June), it is inferred that the
median of the PM, 5 at Miravalle showed a significant dif-
ference between seasons, presenting a higher amount of
particles in DS (p < 0.05). At Centro, due to the variation in
the levels of particulate matter in DS, differences with
respect to RS (p > 0.05) could not be established. From
these results, it can be highlighted also that at Centro there
were relatively constant levels of mass of PM, 5 during the
first half of the year. The results from a research study on
the levels of PM, 5 for the same sites during 2007, carried
out by Saldarriaga-Norefia et al. (2009), shows consistency
toward what was found in the research study herein,
because they demonstrate that there was a higher level of
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particles during DS at Miravalle, and also show that there
were no differences between DS and RS for Centro. The
difference in mass of the PM, 5 observed between seasons at
Miravalle could probably be due to rainfall and to the higher
relative humidity during RS. In fact, a regression analysis
performed between the mass of PM, 5 and relative humidity
showed an inverse relationship, which is non significant
(data not shown), but it did show statistical differences in
the levels of precipitation between DS and RS at the studied
sites (p < 0.0001, in both cases). The higher relative
humidity during RS favors an increase in the mass of par-
ticulate matter in the coarse fraction of the aerosol due to the
hygroscopic growth condensation phenomenon of the par-
ticles, while the abundant rainfalls also facilitate removal
processes (Chandra et al. 2006). So, both phenomena con-
tribute to the reduction of the mass of the PM, 5 particles.
However, at Miravalle, the extent of the impact of this
factor could be increased due to the properties of the pre-
dominant components of the particles. It has been docu-
mented that sulfates and nitrates are chemical species that
provide the increment in the hygroscopy of particles
(Friedlander and Yeh 1998; McMurry 2000). This is con-
sistent with what was found by Hernandez-Mena et al.
(2010), who reported a larger presence of sulfates in the
PM, 5 from Miravalle during DS in 2007 than at Centro
where there were no differences between these two seasons.
On the other hand, low wind velocity favored the accu-
mulation and minor dispersion of the pollutants at both
sites, probably without causing a significant effect on the
seasonal nature of the mass at Miravalle, since most of the
wind velocity values are below 2.1 m sfl, which are rela-
tively slow winds. At Centro, the low values of wind speeds
represented a higher percentage (78%) than the ones from
Miravalle, nonetheless, the similarity in conditions renders
this factor less helpful in explaining the seasonal nature of
the mass of the PM, 5 at Miravalle and its behavior at the
city center (Centro).

Elements such as Fe and Ti were the most abundant ones
at both sites, followed by species such as Zn and Mg. At
both sites, Fe was the most abundant element; its average
mass at Miravalle was 18,739.8 ng, while at Centro it was
14,517.7 ng. The average mass of all elements exhibited a
downward trend from January until June only at Miravalle,
while for both sites a similar pattern was found in the
following degree of abundance: Fe > Ti > Zn > Mg. This
was followed by elements such as Pb, Cr, Cu and Sr, all of
which oscillated between 500 and 1,000 ng, and with the
other species underneath this interval (Table 1).

The comparison between sites, regarding abundant ele-
ments, showed that the mass of Fe and Ti at Miravalle was
significantly different (higher) than Centro (p < 0.001 in
both cases), and that less abundant species such as Pb, Mn,
Sb and Sr also had higher levels at Miravalle (at least
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Table 1 Mass of elemental components (ng) associated with PM, 5
(mg) for two sites in Guadalajara City during the first half of 2008

Miravalle

n Mean Median Minimum Maximum SD
PM,5 31 1.790 1.720 1.240 2.390 0.380
Pb 30 99645 896.21 278.74 2216.31 538.32
Cd 35 139.62 139.28 5.30 355.24 81.06
Co 32 94.38 145.03 9.03 152.48 66.34
Cr 25  656.54 607.56 29.99 117295  321.47
Cu 33 601.2 527.8 81.5 1135.9 293.5
Fe 34 18739.8 20401.6  2678.1 28983.8 63294
Mg 32 2306.1 2247.2 820.7 4569.9 902.2
Mn 32 601.8 600.5 273.2 936.3 169.1
Mo 33 80.6 108.5 17.3 128.6 44.8
Ni 34 191.9 185.3 70.9 414.1 77.2
Sb 32 2585 244.2 59.1 648.6 131.0
Se 34 84.1 92.3 28.0 149.1 32.2
Sr 32 696.3 747.5 319.0 1070.2 211.3
Ti 32 61245 6145.5  3037.1 8634.8 1615.3
Zn 34 3825.1 3034.4 673.0 135654  3061.2
Sum 34603.1 35749.1
Centro

n Mean Median Minimum Maximum SD
PM,5s 33 1.300 1.300 0.800 1.900 0.300
Pb 35  558.0 417.0 115.5 3855.0 651.1
Cd 33 202.6 164.9 424 431.9 102.6
Co 34 95.8 140.6 10.9 147.5 61.9
Cr 30 988.9 846.4 261.9 2324.3 567.5
Cu 35 6404 472.9 443 2781.3 561.3
Fe 33 14517.7 14531.5 8193.8 22222.6  3652.1
Mg 34 25834 2212.6 1260.8 82254 1296.7
Mn 33  475.6 434.2 305.8 697.0 109.9
Mo 34 82.6 111.3 14.4 136.6 453
Ni 34 213.0 207.1 132.3 411.8 57.0
Sb 33 142.4 1454 53.6 231.3 46.9
Se 35 106.7 106.9 19.5 240.6 38.9
Sr 33 5304 551.9 295.1 861.4 140.7
Ti 33 43653 4300.9  2766.5 6769.7 1045.4
Zn 33 34538 3053.7 1273.1 7874.7 1708.5
Sum 29160.4  28832.0

n sampling size, SD standard deviation

p < 0.001 for all cases). Nevertheless, species such as Cd,
Cr and Se had higher mass levels at Centro (at least
p < 0.01 in all cases). These results contributed to the fact
that the total sum of the monthly averages of the mass of
the elements during the period of the research study is also
greater (p < 0.01) at Miravalle due to the presence of those
species, reaching the 35,648 ng in February.
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Regarding the behavior of the elements between sea-
sons, at Miravalle, it was observed that Pb, Co, Fe, Mg,
Mo, Ni, Sb, Se and Ti had higher levels of mass (at least
p < 0.05 for all cases) during DS, while at Centro Cd, Co,
Cr, Cu, Mo and Sb were the ones with higher mass during
the same season (at least p < 0.03 for all cases). Co, Mo
and Sb were the elements that showed differences in the
mass of the particles between DS and RS at both sites. The
apparent incongruence between similar levels of mass of
the particles between seasons at Centro and the higher
levels of Cd, Co, Cr, Cu, Mo and Sb during DS can be
explained since those species are not the ones that con-
tributed the most to the mass of the PM, 5. This behavior
coincides with the one from a study made in 21 cities in
Europe for some of the species under study, where the
expected pattern of higher concentrations was found during
winter months for Cu, Mn, Pb and Ti in most of the cities
(Gotschi et al. 2005). These results suggest that probably
the meteorological conditions that predominate during DS
(lower temperatures, low relative humidity and scarce
rainfalls) could have favored higher particle levels, espe-
cially at Miravalle, as well as a higher quantity of some
elemental species associated with the particles, including,
two of the most abundant such as Fe and Ti.

The presence of the elements considered in this research
study was handled as a contribution (in %) to the mass of
the PM, s per sampling. From January to June, similar
contributions were observed between sites; at Miravalle
the median was 1.97%, while at Centro it was 2.05%. At
Centro, those components have a slightly larger contribu-
tion to the mass of the particles (p < 0.03), although at
Centro significantly lower particle masses were measured.
Of the elements in general (except Cd, Cr and Se), the
contribution that these make to the mass of the PM, 5 was
greater at Centro than at Miravalle. These results suggest
that other components, either organic or inorganic, are
found in a slightly less proportion inside the PM,s at
Centro, while at Miravalle those same components are
probably more abundant. The analysis of the variation of
the elemental contribution to the mass of the particles for
24 h periods shows that at Centro, at the beginning of May,
there are days with much higher proportions than the other
days, a time period which without a doubt contributed to
the observed differences between sites, when considering
the entire period of the study.

Likewise, the monthly contribution per element as a part
of the total monthly mass of all elements was estimated.
The ones that showed an important contribution to that
mass (Fe, Ti, Zn and Mg), are represented individually in
Fig la and b, while those elements whose contributions
were lower than 5% were combined and comprised another
group (others); their contributions are shown in different
figures for each site. In this manner, the appreciation of
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Fig. 1 Contribution of the most abundant elements associated with
PM, 5 with respect to the total mass of elements. In both sites, it is
evident that Fe is the main elemental specie during the research study
time period

how Fe was the biggest contributor becomes clearer,
oscillating between 56 and 58% from January to June at
Miravalle and showing low variation throughout time,
while at Centro it oscillated between 55 and 40% for the
same period, but with a clear downward trend, mainly
between April and June. In a chemical composition and
source of particulate matter research study undertaken in
Mexico City, Fe was determined to be an important com-
ponent of soil (Mugica et al. 2009). Also, in a previous
research study in Guadalajara City during 2007 (Saldarriaga-
Noreiia et al. 2009), through the estimation of the Enrich-
ment factor, it was pointed out that Fe had a geologic
origin. Ti had the second biggest contribution with values
between 13.8 and 17.6% at Miravalle and between 13 and
19.3% at Centro. The group of elements identified as
“others” reached contributions of up to 20% during June at
Centro.

In summary, the results indicate a clear season driven
behavior of the mass of particles in Miravalle, which is
likely caused by environmental conditions that favor the
accumulation of pollutants and by the nature of the
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chemical composition of the particles with significant
concentrations of sulfates and nitrates, thereby favoring
their hygroscopic properties, which resulted in a smaller
amount of suspended particles during the rainy Season
(RS). On the contrary, at Centro the mass was maintained
almost constant without any apparent significant effects
stemming from the environmental conditions throughout
both seasons. The analysis of the elemental composition
revealed that Fe and Ti were the most abundant species at
both sites, with mass values oscillating between 10,000 and
20,000 ng (Table 1). Likewise, the calculus of the contri-
bution of the total concentration of the elements to the
mass of the PM, 5 shows that it is practically the same for
both sites: 1.97 and 2.05% for Miravalle and Centro,
respectively. These values suggest that the PM,s in
Guadalajara City is probably influenced by other chemical
species of organic and inorganic compounds that are dif-
ferent from the metallic species which contribute signifi-
cantly to the total mass of the particles. These other
chemical species define the thematic to be developed in
future research studies to obtain such information and
support the approach of this hypothesis. Therefore, it is
evident that there is the need to measure another type of
chemical species that have not been currently determined
in Guadalajara’s Metropolitan Area.

Acknowledgments The authors would like to express their appre-
ciation to Sandra Bravo and Rosalva Cuevas for their collaboration in
the analysis of inorganic ions, to Winston Smith of the Peace Corps
for the revision of this paper and to the Secretaria de Medio Ambiente
para el Desarrollo del Estado de Jalisco (SEMADES), for allowing
the installment of the equipment in their locations. Special thanks also
to Consejo Nacional de Ciencia y Tecnologia (CONACyT) for the
financial support in this project.

References

Billet S, Garcon G, Dagher Z, Verdin A, Ledoux F, Cazier F, Courcot
D, Aboukais A, Shirali P (2007) Ambient particulate matter
(PM2.5): physicochemical characterization and metabolic acti-
vation of the organic fraction in human lung epithelial cells
(A549). Environ Res 105:212-223

Chandra P, Venkata S, Balaram V, Praveen M, Jayarama S (2006) A
study on trace elemental composition of atmospheric aerosols at a
semi-arid urban site using ICP-MS technique. Atmos Environ
40:136-146

@ Springer

Dagher Z, Garcon G, Billet S, Gosset P, Ledoux F, Courcot D,
Aboukais A, Shirali P (2006) Activation of different pathways of
apotosis by air pollution particulate matter (PM2.5) in human
epithelial lung cells (L132) in culture. Toxicology 225:12-24

De Kok TM, Driece HA, Hogervorst JG, Briedé JJ (2006) Toxico-
logical assessment of ambient and traffic-related particulate
matter: a review of recent studies. Mutat Res 613:103-122

Duval MR, Norris AG, Dailey AL, Burke MJ, McGee KJ, Gilmour
IM, Gordon T, Devlin BR (2008) Source Apportionment of
Particulate Matter in the U.S. and Associations with Lung
Inflammatory Markers. Inhal Toxicol 20:671-683

Finlayson-Pitts BJ, Pitts JN Jr (2000) Atmospheric chemistry. In:
Fundamental and experimental techniques. Wiley, New York

Friedlander SK, Yeh EK (1998) The submicron atmospheric aerosol
as a carrier of reactive chemical species: case of peroxide. Appl
Occup Environ Hyg 13:416-420

Gotschi T, Hazenkamp-von Arx EM, Heinrich J, Bono R, Burney P,
Forsberg B, Jarvis D, Maldonado J, Norback D, Stern BW,
Sunyer J, Torén K, Verlato G, Villani S, Kiinzli N (2005)
Elemental composition and reflectance of ambient fine particles
at 21 European locations. Atmos Environ 39:5947-5958

Hernandez-Mena L, Saldarriaga-Norefia H, Carbajal-Romero P,
Cosio-Ramirez R, Esquivel-Hernandez B (2010) Ionic species
associated with PM2.5 in the City of Guadalajara, Mexico during
2007. Environ Monit Assess 161:281-293

Instituto Nacional de Estadistica y Geografia (INEGI) (2005) (www.
inegi.gob.mx). Accessed 14 May 2009

Kim CS, Jaques PA (2000) Respiratory dose of inhaled ultrafine
particles in healthy adults. Phil Trans R Soc Lond A 358:2693—
2705

McMurry PH (2000) A review of atmospheric aerosol measurements.
Atmos Environ 34:1959-1999

Mugica V, Ortiz E, Molina L, De Vizcaya-Ruiz A, Nebot A, Quintana
R, Aguilar J, Alcantara E (2009) PM composition and source
reconciliation in Mexcio City. Atmos Environ 43:5068-5074

Programa para el mejoramiento de la Calidad del Aire en la Zona
Metropolitana de Guadalajara (PROAIRE) (1997-2001) Secre-
taria de Medio Ambiente, Recursos Naturales y Pesca, Secretaria
de Salud, México

Saldarriaga-Norefia H, Hernandez-Mena L, Cosio-Ramirez R,
Carbajal-Romero P, Esquivel-Hernandez B (2009) Characteriza-
tion of trace metals of risk to human health in airborne
particulate matter (PM2.5) at two sites in Guadalajara, Mexico.
J Environ Monit 11:887-894

Schwartz J, Norris G, Larson T, Sheppard L, Claiborn C, Koening J
(1999) Episodes of high coarse particle concentration are not
associated with increased mortality. Environ Health Persp 107:
339-342

Schwela D (2000) Air pollution and health in the urban areas. Rev
Environ Health 15:13-42

Sharma M, Maloo S (2005) Assessment of ambient air PM10 and
PM2.5 and characterization of PM10 in the city of Kanpur, India.
Atmos Environ 39:6015-6026


http://www.inegi.gob.mx
http://www.inegi.gob.mx

	Elemental Contribution to the Mass of PM2.5 in Guadalajara City, Mexico
	Abstract
	Materials and Methods
	Results and Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


