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Abstract The short-term dynamics and distribution
of airborne biological and total particles have been
assessed in a large university hallway by particle
counting using laser particle counters and impaction
air samplers. Particle numbers of four different size
ranges were determined every 2 min over several
hours. Bioaerosols (culturable bacteria and fungi
determined as colony-forming units) were directly
collected every 5 min on Petri dishes containing the
appropriate growth medium. Results clearly show
distinct short-term dynamics of particulate aerosols,
of both biological and non-biological origin. These
reproducible periodic patterns are closely related to
periods when lectures are held in lecture rooms and
the intermissions in between when students are
present in the hallway. Peaks of airborne culturable
bacteria were observed with a periodicity of 1 h.
Bioaerosol concentrations follow synchronously the
variation in the total number of particles. These
highly reproducible temporal dynamics should be
considered when monitoring indoor environments to
determine air quality.
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1 Introduction

Airborne particulate matter is ubiquitous in the
atmosphere and is present in outdoor and indoor
environments (Colbeck 1995). Because of their light
weight, airborne particles are readily transported,
transferred, and displaced from one environmental
compartment to another. Therefore, temporal and
spatial variations with time readily occur within an
environment (Fierer et al. 2008). In many -cases,
depending on the location and the prevailing envi-
ronmental conditions, regular patterns (daily, weekly,
monthly, seasonally) can be observed (e.g. Johansson
et al. 2007). However, regarding indoor locations,
temporal and spatial fluctuations of airborne particle
concentrations might occur even on very small time
scales (within minutes) depending on the ventilation
regime of the rooms and on occupant-related activity,
for example movement of people, smoking, cooking,
or cleaning (Abt et al. 2000; Luoma and Batterman
2001; Morawska et al. 2003). However, reports rarely
include information about temporal fluctuations or
periodic patterns on time scales of <1 h.
Bioaerosols are part of airborne particles found in
the atmosphere. They are defined as aerosols (solid or
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liquid particles in a gas) of biological origin
(Heikkinen et al. 2005). Bioaerosols occur naturally
in outdoor and indoor environments and include
viruses, viable organisms such as bacteria and fungi,
and products of organisms such as bacterial or fungal
spores, plant parts, or pollen (Colbeck 1995). It has
been estimated that at some locations and times of the
year particles of biological origin can contribute up to
50% of total airborne particle numbers (Jaenicke
2005). Airborne microorganisms might pose an
environmental hazard when present in high concen-
trations in indoor environments, resulting in health
problems (Stetzenbach et al. 2004), especially in
industrial or agricultural environments (Brandl et al.
2005; Dutkiewicz et al. 2000; Zollinger et al. 2006;
Zormann and Jersek 2008).

The indoor atmosphere is a very dynamic system
in which particles of biological and non-biological
origin are distributed and displaced. As was stated a
long time ago (Tyndall 1876), “myriads of germs are
floating in our atmosphere”. At that time it had
already been observed that bioaerosols in indoor
environments were heterogeneously distributed in the
air and occurred in “bacterial clouds” (Tyndall
1876). Microbial concentrations may fluctuate in
time periods of minutes by several orders of magni-
tude (Brandl et al. 2005; Lighthart and Shaffer 1995).
Indoor bioaerosol concentrations are related to
climatic factors (e.g. outdoor temperature, humidity),
room-related conditions (e.g. ventilation), and occu-
pancy (e.g. activity of persons present) (Bartlett et al.
2004). These factors can be used to model and predict
indoor bioaerosol concentrations (Green et al. 2003).

By analogy with other ecosystems such as soil or
water, only a small percentage (approx. 0.1-10%) of
microorganisms present in the air can be grown in
culture (Lighthart 1997).

The principal objective of this work was investi-
gation of the temporal particle dynamics of aerosols
of both biological and non-biological origin in an
indoor location within a time scale of minutes. The
focus was mainly on determination of repetitive
regularly occurring generation and distribution pat-
terns of bioaerosols. In particular, the experimental
goals were:

1. to determine quantitatively the total number of
airborne particles;

2. to analyze the dynamics of total particle number
and the composition of bioaerosols; and

3. to study the correlation between the number of
particles and human activity in an indoor
environment.

2 Materials and methods
2.1 Sampling location

Three independent experiments were carried out in an
indoor environment (university hallway) on three
different dates (April 19, 2005; October 27, 2005;
April 20, 2006) to verify the reproducibility and
generalization of the experimental observations
(Table 1). As comparison and reference measure-
ment, air was sampled on October 28, 2005 between

Table 1 Summary of measurements of airborne particles and bioaerosols in an indoor environment (university hallway)

Date April 2005 October 2005 April 2006
Measurement time 09:54 to 11:32 09:30 to 16:08 10:21 to 16:29
Overall time period (h) 1.6 6.6 6.1
Total particles (number of samples collected by laser particle counter) 50 200 181
Sampling interval (min) 2 2 2
Culturable bacteria (number of samples collected by impaction) 10 16 39
Sampling interval (min) 10 10 5
Number of replicates 3 1 1
Culturable fungi (number of samples collected by impaction) 10 16 19
Sampling interval (min) 10 10 10
Number of replicates 3 1 1
Average temperature (°C) 241+ 0.2 23.8 £ 0.8 253 £ 0.7
Average relative humidity (%) 339+ 0.7 422+ 15 29.7 £ 0.7
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09:30 and 16:00 h in an outdoor location (roof of the
building).

Air samplers (particle counters, impaction sam-
plers) were placed in the center of the university
hallway (dimensions 55 x 35 x 12 m; volume
approx. 23,100 m?; granite flooring, concrete ceiling,
unfurnished) on tripods (1.2 m in height), close to
each other (approx. 2 m apart) to ensure correlation
of total particle numbers and culturable microorgan-
isms. Doors from a lecture room (volume approx.
5,800 m*>, wood paneling (walls, ceiling), vinyl
carpeting, no windows, 450 seats) lead to the
hallway. Approximately 120 students were attending
classes during the measurement period. The distance
between the samplers and students (walking away
from the samplers) was approx. 10 m.

2.2 Particle counting

Three “MetOne 227B” laser particle counters (Skan,
Allschwil, Switzerland) were used simultaneously to
determine particle numbers. In total, particles of four
different size ranges (0.3-0.5, 0.5-1, 1-5, and
>5 pum) were measured. Particles with aerodynamic
sizes ranging from 0.3 to 0.5 pm were determined in
triplicate to assess experimental standard errors.
Generally, variations between the three instruments
were within 5-8%. One of the particle counters was
equipped with a temperature and humidity sensor.
Samples were taken during the whole monitoring
period for 21 s (corresponding to 11 of air) in
intervals of 2 min resulting in 30 samples per hour
(Table 1). Two particle size ranges can be simulta-
neously recorded by one particle counter. Single
readings are stored in the internal memory which can
be downloaded to a computer and subsequently
analyzed using the software Particle Vision PortAll
1.2.

2.3 Impaction sampling

“MAS-100 eco” (MBYV, Littau, Switzerland) impac-
tion samplers were used for collection of bioaerosols.
Routinely, 1001 of air were collected in time
intervals of 5—10 min (Table 1). On some occasions,
up to three samplers were simultaneously operated.
Standard 90-mm Petri dishes containing different
selective standard growth media were used with the
impaction sampler (Zollinger et al. 2006). Nutrient

agar (NA) was used to determine the total number of
culturable bacteria. NA medium consisted of meat
extract (1 g/l), yeast extract (2 g/l), peptone (5 g/l),
sodium chloride (5 g/l), and agar (15 g/1). The pH
was adjusted to 7.4. After sterilization at 121°C for
20 min, cycloheximide (50 mg/l) was added by
sterile filtration to prevent fungal growth. For deter-
mination of fungi (molds and yeasts) malt extract
agar (MEA; malt extract, 20 g/l; yeast extract, 4 g/l;
agar, 20 g/1) was used (Zollinger et al. 2006). pH was
adjusted to 5.6-5.8 with HCI. After air sampling, NA
plates were incubated at 30°C for 3 days, MEA plates
at 27°C for 4 days. Colony-forming units (cfu) were
counted after visual inspection. Numbers were con-
verted by the “positive hole correction” method and
extrapolated to effective counts (Feller 1950).

2.4 Particle residence times

Displacement rates and residence times of airborne
particles were modeled in accordance with a first-
order decay process (Cox 1995): N, = Ny e  where
Ny represents the number of particles at time ¢ = 0;
N, represent the number of particles at time #; and k
represent the first-order decay constant (h™'). A
linear regression plot of the natural logarithm of
particle concentration as a function of the time results
in a straight line of negative slope (—k). Residence
times are calculated as k! (h).

2.5 Air velocity

Air velocity was measured with a Testo 400 ambient
air-velocity probe (Testo, Lenzkirch, Germany).

3 Results and discussion

Concentrations of airborne biological and total par-
ticles >0.3 pm showed distinct patterns closely
related to anthropogenic activity, e.g. opening of
doors and presence of students in the university
hallway (Fig. 1). Lessons always started 15 min past
the hour and lasted 45 min. After the end of the
lectures doors opened and students entered the
hallway. Fifteen minutes later doors closed and
lessons continued. There was a longer intermission
(lunch break) from 12:00 to 13:00, when students
were present in the hallway. There were no lectures in
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Fig. 1 Time course of total
airborne particles >0.3 pm
in an indoor location
(university hallway)
between 09:00 and 16:00 h
on three independent days.
Shadowed areas denote
times of intermissions
between lessons when
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the afternoon. In general, during breaks between
lessons particle concentrations in the hallway
increased within minutes by a factor of 2, whereas
during lessons particle concentrations decreased to
background levels. Even in cases where total particle
load (particles >0.3 pm) was much smaller, the
temporal pattern was identical (Fig. 1).

Periodic fluctuations of airborne particles are
related to the ventilation regime of the building:
Outdoor air is actively collected and enters the
ventilation system on the roof of the building.
Incoming air is filtered and distributed into the
lecture room resulting in a slight overpressure when
the doors are closed. When the doors open, air is
transferred (0.35 m/s) from the lecture room into the

hallway resulting in increased levels of airborne
particles. These particles were rapidly displaced,
either by passive settling or because of air currents in
the indoor environment, as soon as intermissions
between lesson were terminated and class was
resumed. Residence times of particles were mainly
between 0.9 and 1.5 h (Table 2). At times with
reduced anthropogenic activity (no afternoon les-
sons), particle residence time is approximately 6.5 h.

Particulate aerosol composition was closely cor-
related with anthropogenic activity. During times of
anthropogenic activity (opened doors, students pres-
ent in the hallway) the relative amount of particles (as
a percentage of total particles >0.3 pm) in the size
range 1-5 and >5 pm increased maximally by factors

Table 2 Displacement rates (h™") and residence times (h) of particles >0.3 um in an indoor environment (university hallway) at
different times during the day when lecture room doors are closed during the lessons

Date 09:15 to 10:00 10:15 to 11:00 11:15 to 12:00 13:00 to 16:00
Rate Residence time  Rate Residence time  Rate Residence time Rate Residence time
G™hH GhH (G I (CI B ()
April 19, 2005 na na —-0.904 1.11 —0.758 1.32 na na
October 27, —0.661 1.51 —-0.923 1.08 —0.388 2.58 —0.154 6.49
2005
April 20, 2006 na na —1.092 0.92 —1.097 091 —0.150 6.67

na: not applicable, because no samples were taken
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of approximately 2 and 4, respectively (Fig. 2). The
relative concentration of very small particles (size
range 0.3-0.5 pm) concurrently decreased. Varia-
tions in composition (as a percentage contribution of
different size ranges) have previously been observed
on other occasions when temporal fluctuations of
indoor airborne particle concentrations have been
triggered by anthropogenic activity such as unpack-
ing of mail, unloading of agricultural products in
industrial environments, and smoking, cooking, and
cleaning in residential locations (Brandl et al. 2005;
Branis et al. 2005; Morawska et al. 2003; Stetzen-
bach et al. 2004). Diurnal variations have been
observed; these were correlated with human activity
(Morawska et al. 2003; Abt et al. 2000).

Bioaerosol concentrations were closely related to
temporal variations of total particles and followed
these patterns synchronously (Fig. 3). With a period-
icity of 60 min a peak of airborne culturable bacteria
was observed. During intermissions between lessons,
concentrations of airborne bacteria increased whereas
during lessons (with doors closed), bacterial numbers
reached minimum values in the hallway. Maximum
values of 1,200 cfu/m® were detected; minimum

values were approximately 300 cfu/m®. Temporal
patterns of airborne fungi are less pronounced
(Fig. 3). Generally, fungal cfu were smaller than
bacterial numbers. In outdoor environments fungal
spores occur mainly in summer and fall (Anonymous
1993). Because outdoor air is the main source of
fungi in indoor air, this might also be reflected by the
airborne fungal concentrations determined in October
2005.

No attempts were made to identify bacteria or
fungi on the genus or species level. It was our
intention to monitor and compare counts of both total
particles and particles of bacterial or fungal origin in
relation to a periodic pattern of anthropogenic
activity in an indoor environment. Detailed investi-
gation of the organismic composition of the
bioaerosols collected is the focus of further work.

Neither temporal fluctuations of indoor airborne
particles nor variations in bioaerosol concentrations
are reflected by outdoor conditions. Outdoor concen-
tration of particles >0.3 pm remained more or less
constant over the experimental period of 6.5 h with a
slight linear decrease of approximately 13%. In
contrast with indoor locations, regular periodic
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Fig. 3 Time course of 1400
bioaerosols (culturable
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variations were not observed. No periodic fluctua-
tions were observed for either outdoor bacterial and
fungal aerosol concentrations, which were in the
ranges 321 £ 103 and 418 £ 137 cfu/m® (n = 13),
respectively.

4 Conclusions
Results clearly show the occurrence of distinct and

reproducible short-term dynamics (on a time scale of
minutes) of total particles and bioaerosols related to

@ Springer

periods of anthropogenic activity (presence/absence
of people) in the hallway, i.e. when lectures are held
in lecture rooms and the intermissions in between. As
soon as lectures are terminated students enter the
hallway, resulting in distinct changes of particle-
distribution patterns. Periodic generation and dis-
placement during the course of a day can be
observed. Bioaerosol concentrations follow synchro-
nously the variation in the total number of particles
>0.3 um. In our work these temporal patterns were
highly reproducible. In general, when monitoring air
quality of indoor environments for the occurrence of
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both biological and total particles, these short-term
temporal dynamics must be considered.

Acknowledgments The technical assistance of Mara
Bertschi, Deniz Cinek, Anja Fiirer, Stefanie Gossweiler,
Olivia Sala, and Angela Wyss (students of the Kantonsschule
Zurcher Unterland, Bulach, ZH) is gratefully acknowledged. In
addition, we thank Annette Hofmann (Department of
Environmental Health and Safety, University of Zurich) for
her help.

References

Abt, E., Suh, H. H., Catalano, P., & Koutrakis, P. (2000).
Relative contribution of outdoor and indoor particle
sources to indoor concentrations. Environmental Science
& Technology, 34, 3579-3587. doi:10.1021/es990348y.

Anonymous. (1993). Biological particles in indoor environ-
ments. In European Collaborative Action on Urban Air,
Indoor Environment and Human Exposure; Report No. 12
(EUR 14988 EN). Brussels: Commission of the European
Communities.

Bartlett, K. H., Kennedy, S. M., Brauer, M., van Netten, C., &
Dill, B. (2004). Evaluation and determinants of airborne
bacterial concentrations in school classrooms. Journal of
Occupational and Environmental Hygiene, 1, 639-647.
doi:10.1080/15459620490497744.

Brandl, H., Bachofen, R., & Bischoff, M. (2005). Generation of
bioaerosols during manual mail unpacking and sorting.
Journal of Applied Microbiology, 99, 1099-1107. doi:
10.1111/j.1365-2672.2005.02700.x.

Branis, M., Rezacova, P., & Domasova, M. (2005). The effect
of outdoor air and indoor human activity on mass con-
centrations of PM10, PM2.5, and PM1 in a classroom.
Environmental Research, 99, 143-149. doi:10.1016/
j-envres.2004.12.001.

Colbeck, I. (1995). Particle emission from outdoor and indoor
sources. In T. Kouimtzis & C. Samara (Eds.), Airborne
particulate matter. The handbook of environmental
chemistry (Vol. 4D, pp. 1-33). Heidelberg: Springer.

Cox, C. S. (1995). Physical aspects of bioaerosol particles. In
C. S. Cox & C. M. Wathes (Eds.), Bioaerosol handbook
(pp- 15-25). Boca Raton: CRC Press Cox.

Dutkiewicz, J., Krysinska-Traczyk, E., Skorska, C., Sitkowska,
J., Prazmo, Z., & Urbanowicz, B. (2000). Exposure of
agricultural workers to airborne microorganisms and
endotoxin handling of various vegetable products. Aero-
biologia, 16, 193-198. doi:10.1023/A:1007686910001.

Feller, W. (1950). An introduction to the probability theory and
its application. New York: Wiley.

Fierer, N., Liu, Z., Rodriguez-Hernandez, M., Knight, R.,
Henn, M., & Hernandez, M. T. (2008). Short-term tem-
poral variability in bacterial and fungal populations.
Applied and Environmental Microbiology, 74, 200-207.
doi:10.1128/AEM.01467-07.

Green, C. F., Scarpino, P. V., & Gibbs, S. G. (2003). Assess-
ment and modeling of indoor fungal and bacterial
bioaerosol concentrations. Aerobiologia, 19, 159-169.
doi:10.1023/B:AERO.0000006531.35387.bd.

Heikkinen, M. S. A., Hjelmroos-Koski, M. K., Haggblom, M.
M., & Macher, J. M. (2005). Bioaerosols. In L. S. Ruzer &
N. H. Harley (Eds.), Aerosols handbook (pp. 291-342).
Boca Raton: CRC Press.

Jaenicke, R. (2005). Abundance of cellular material and pro-
teins in the atmosphere. Science, 308, 73. doi:10.1126/
science.1106335.

Johansson, C., Norman, M., & Gidhagen, L. (2007). Spatial
and temporal variations of PM10 and particle number
concentrations in urban air. Environmental Monitoring
and Assessment, 127, 477-487. doi:10.1007/s10661-006-
9296-4.

Lighthart, B. (1997). The ecology of bacteria in the alfresco
atmosphere. FEMS Microbiology Ecology, 23, 263-274.
doi:10.1016/S0168-6496(97)00036-6.

Lighthart, B., & Shaffer, B. T. (1995). Viable bacterial aerosol
particle size distributions in the midsummer atmosphere at
an isolated location in the high desert chaparral. Aerobi-
ology, 11, 19-25. doi:10.1007/BF02136140.

Luoma, M., & Batterman, S. A. (2001). Characterization of
particulate emissions from occupant activities in offices.
Indoor Air, 11, 35-48. doi:10.1034/j.1600-0668.2001.
011001035.x.

Morawska, L., He, C., Hitchins, J., Mengersen, K., & Gilbert,
D. (2003). Characteristics of particle number and mass
concentrations in residential houses in Brisbane, Austra-
lia. Atmospheric Environment, 37, 4195-4203. doi:
10.1016/S1352-2310(03)00566-1.

Stetzenbach, L. D., Buttner, M. P., & Cruz, P. (2004). Detec-
tion and enumeration of airborne biocontaminants.
Current Opinion in Biotechnology, 15, 170-174. doi:
10.1016/j.copbio.2004.04.009.

Tyndall, J. (1876). The optical deportment of the atmosphere in
relation to the phenomena of putrefaction and infection.
Philosophical Transactions of the Royal Society of Lon-
don, 166, 27-74. doi:10.1098/rstl.1876.0002.

Zollinger, M., Krebs, W., & Brandl, H. (2006). Bioaerosol
generation during grape stemming and crushing. The
Science of the Total Environment, 363, 253-259. doi:
10.1016/j.scitotenv.2005.05.025.

Zormann, T., & JerSek, B. (2008). Assessment ob bioaerosol
concentrations in different indoor environments. Indoor
and Built Environment, 17, 155-163. doi:10.1177/1420
326X08089251.

@ Springer


http://dx.doi.org/10.1021/es990348y
http://dx.doi.org/10.1080/15459620490497744
http://dx.doi.org/10.1111/j.1365-2672.2005.02700.x
http://dx.doi.org/10.1016/j.envres.2004.12.001
http://dx.doi.org/10.1016/j.envres.2004.12.001
http://dx.doi.org/10.1023/A:1007686910001
http://dx.doi.org/10.1128/AEM.01467-07
http://dx.doi.org/10.1023/B:AERO.0000006531.35387.bd
http://dx.doi.org/10.1126/science.1106335
http://dx.doi.org/10.1126/science.1106335
http://dx.doi.org/10.1007/s10661-006-9296-4
http://dx.doi.org/10.1007/s10661-006-9296-4
http://dx.doi.org/10.1016/S0168-6496(97)00036-6
http://dx.doi.org/10.1007/BF02136140
http://dx.doi.org/10.1034/j.1600-0668.2001.011001035.x
http://dx.doi.org/10.1034/j.1600-0668.2001.011001035.x
http://dx.doi.org/10.1016/S1352-2310(03)00566-1
http://dx.doi.org/10.1016/j.copbio.2004.04.009
http://dx.doi.org/10.1098/rstl.1876.0002
http://dx.doi.org/10.1016/j.scitotenv.2005.05.025
http://dx.doi.org/10.1177/1420326X08089251
http://dx.doi.org/10.1177/1420326X08089251

	Short-term dynamic patterns of bioaerosol generation �and displacement in an indoor environment
	Abstract
	Introduction
	Materials and methods
	Sampling location
	Particle counting
	Impaction sampling
	Particle residence times
	Air velocity

	Results and discussion
	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


