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Abstract We present and evaluate the performance of a
new field monitoring PAM fluorometer (MONI-PAM)
which is intended for short- and long-term monitoring of
the acclimation of photosystem II (PSII). The instrument
measures chlorophyll fluorescence, photosynthetic photon
flux density (PPFD), and temperature in the field, and
monitors exactly the same leaf area over prolonged periods
of time, facilitating the estimation of both rapidly revers-
ible and sustained non-photochemical quenching (NPQ).
The MONI-PAM performance is evaluated in the lab and
under natural conditions in a Scots pine canopy during
spring recovery of photosynthesis. The instrument provides
a new tool to study in detail the acclimation of PSII to the
environment under natural field conditions.
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Abbreviations

ETR Electron transport rate

Fopand  Minimal and maximal chlorophyll fluorescence
F. yield from dark-acclimated leaves

Fyand  Actual and maximal chlorophyll fluorescence
Fl yield from light-exposed leaves

Dp PSII operating efficiency

NPQ Non-photochemical quenching
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PPFDg;.  Photosynthetic photon flux density at sample
level

PSII Photosystem II

Introduction

Acclimation of photosystem II (PSII) to the light envi-
ronment is of fundamental importance to adjust the
photosynthetic electron flow to the requirements for ATP
and NADPH by dark photosynthetic reactions. PSII accli-
mation involves modulation of the fractions of absorbed
light energy that is utilized in photochemistry and that
dissipated as heat. Acclimation of PSII takes place on
different time scales: short-term adjustments are mostly
reversible and occur in the range from minutes to hours in
response to, for example, rapidly varying light environ-
ments due to temporary shading by clouds or sunflecks
(Porcar-Castell et al. 2006); long-term acclimation of PSII,
however, occurs in response to seasonal light and temper-
ature changes, or to episodes of water, nutrient, or biotic
stress (Oquist and Huner 2003), leading to slowly revers-
ible acclimation in the PSII energy partitioning. Because
variations in the energy partitioning in PSII affect the yield
of chlorophyll fluorescence, measurements of chlorophyll
fluorescence are widely used to study PSII acclimation
status, both under laboratory and field conditions (Bolhar-
Nordenkampf et al. 1989; Maxwell and Johnson 2000;
Demmig-Adams and Adams 1992).

To estimate PSII photochemistry fluorometrically, PSII
maximum efficiency in dark-acclimated leaves (®pyax =
(Fn — Fo)/Fpy; Kitajima and Butler 1975) and PSII operat-
ing efficiency in light-exposed leaves (®p = (F/, — F\)/
F/; Genty etal. 1989) are commonly determined.
These parameters can be established by fluorescence
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measurements lasting a few seconds during which the sam-
ple is fixed relative to the fluorometer. Because, the
particularities in the optical properties of individual samples
cancel out when ®p,., or ®p are calculated, long-term
fluorometric monitoring of PSII photochemical efficiency of
various leaves is possible, albeit laborious, by repeatedly
examining individual leaves.

To estimate heat dissipation by PSII, the Stern-Volmer
non-photochemical quenching parameter NPQ is often
used (NPQ = (F/F},) — 1; Bilger and Bjérkman 1990).
In practice, calculation of NPQ requires that the maximum
chlorophyll fluorescence yield (F,) is measured in a dark-
acclimated leaf, when non-photochemical quenching is
minimal, and the F' ﬁn is determined with the same leaf in a
light-exposed state, when non-photochemical quenching
has increased to certain level. Both ®p,,, and ®p mea-
surements, and Fand F;, measurements need to be carried
out with the same leaf position so that the optical properties
of the sample cancel out when NPQ is determined. Time
intervals between measurements of F,, and Fr’n, however,
are much longer than the time needed to establish ®p,.
and ®p. Especially in long-term experiments, the require-
ment to keep probing areas constant creates logistical and
technical problems which critically restrict NPQ determi-
nations (Logan et al. 2007).

Therefore, to monitor both photochemical and non-
photochemical fluorescence quenching during extended
time intervals in the field, a multi-channel fluorometer
system has been developed (MONI-PAM, Heinz Walz
GmbH, Effeltrich, Germany). The system facilitates con-
tinuous measurements of the chlorophyll fluorescence from
constant areas of several leaf samples simultaneously. The
present study evaluates the performance of the MONI-PAM
under realistic field conditions which include temperatures
below 0°C. Specifically, we studied the diurnal and sea-
sonal acclimation of PSII in Scots pine needles during
spring recovery of photosynthesis.

Methods
The MONI-PAM fluorometer

Chlorophyll fluorescence was recorded with a “MONI-
TORING-PAM Multi-Channel Chlorophyll Fluorometer”
or MONI-PAM (Walz, Effeltrich, Germany). A measuring
system can comprise up to 7 emitter-detector units (MONI-
head/485). Each MONI-head/485 represents an indepen-
dent fluorometer. The MONI-head/485 fluorometers are
connected using RS-485 serial data communication via a
storage-capable (1 GByte memory on microSD flash card)
data acquisition system (MONI-DA) to a MONI-IB4/LAN
central interface box. From the latter box to the computer,
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data are transferred using USB, RS232 or Ethernet com-
munication. The data line between MONI-DA and MONI-
IB4/LAN can be as long as 100 m but the lines between
MONI-heads and data acquisition system, and between
USB interface box and computer, normally should not
exceed 10 m and 2 m, respectively. In the present study,
we used an arrangement consisting of four MONI-heads
installed within a tree canopy. Each MONI-head was
connected with 2.5 m lines to a MONI-DA prototype
without memory card.

The chassis of a MONI-head emitter-detector unit is a
water-tight aluminum or stainless steel cylinder with a
diameter of 30 mm and a length of 280 mm (Fig. 1). The
MONI-head delivers measuring and actinic light to the
sample through a window that transmits radiation in
the range of 400-750 nm, situated at one end of the cylinder.
The same blue LED emits actinic light and saturating flashes
as well as measuring light: the LED emission maximum and
full width at half maximum is 455 nm and 18 nm, respec-
tively. Measuring pulses to excite modulated fluorescence
are given at frequencies of 5 and 100 Hz for measurements of
fluorescence under dark (F fluorescence) and light condi-
tions, respectively. The intensity of the measuring pulses can
be adjusted to include between 1 and 5 probing flashes of
8 us length and variable intensity, resulting in integrated
photon flux densities at sample level (PPFDg; ) between 0.1
and 1 pmol m2s ! ats Hz, or between 1 and 15 pmol
m~> s~ at 100 Hz. Also, the MONI-head provides actinic
light up to a PPFDg; of 1,500 pmol m™% s~ and saturating
light pulses with maximal duration of 2 s and PPFDg; up to
4,000 pmol m ™2 s~'. The MONI-head employs PIN photo-
diodes to measure pulse-amplitude modulated (PAM)
chlorophyll fluorescence at wavelengths longer than
625 nm, as well as PPFDg; in the range from 400 to 700 nm.
Temperature is recorded by an integrated-circuit tempera-
ture sensor. In the present study, the intensity of the
measuring light was 0.9 (at Fy and F) and 9 pmol mZs!
(at F,,), and the intensity of the saturating pulses was
4,000 pmol m~2s !,

Saturating pulses were supplied every 5-10 min, and F;,
Fﬁn, PPFDg;, and temperature were recorded for each
measuring point. To keep actinic effects of the MONI-PAM
minimal, the measuring light was switched off between
measurements but automatically switched on a few seconds
before each saturating-pulse analysis using the batch file
feature of the WinControl-3 software.

Pine needles were fixed in the MONI-head’s leaf clip
consisting of two aluminum frames (35 x 25 mm) Fig. 1).
The leaf clip is mounted at a distance of 25 mm from the
MONI-head’s optical window so that leaf clip area and
longitudinal axis of the MONI-head form an angle of 120°.
The sample holder includes a laterally mounted 13 x 7 mm
area covered by white-reflecting material which directs
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Fig. 1 MONI-head
emitter-detector unit in a
semi-permanent installation

at the top of a crown of Scots
pine (left), and details of the
sample holder with Scots pine
needles (right)

&
LN

ambient light toward the MONI-head optical window in
which the PPFDg; is measured. The most recent version
of the MONI-head employs a 1-mm-thick Teflon layer
(Spectralon®) as reflecting material. The MONI-heads
employed in the present study saturated at a PPFD of
1,730 pmol m~2s~!, but the currently built devices are
able to record PPFD up to 2,500 pmol m~2s~". Since our
pine needles covered only a part of the sample holder, we
placed black foam backed by a black plate behind the
samples to exclude possible fluorescence from the back-
ground (Fig. 1).

Field measurements

We measured chlorophyll fluorescence with the MONI-PAM
in the needles of two 45-year-old Scots pine trees [Pinus
sylvestris (L.)] growing at SMEAR-II station (Station for
Measuring Forest-Ecosystem-Atmosphere Relations) in
southern Finland (61°51’ N, 24°17’ E, and 181 m of eleva-
tion). Two branches were selected in each tree, one at the top
of the canopy and the other in the lower part of the canopy,
and both were accessed using permanently installed scaf-
folds. A MONI-head emitter-detector unit was installed in
each of the four branches using ropes, nylon belts, and alu-
minum bars (see Fig. 1) so that both the MONI-head and the
branch would move together in the wind.

Results and discussion

PPFD and temperature measurement, operations
at extreme temperatures

Tests were performed in laboratory and field conditions to
evaluate the precision and accuracy of the MONI-head unit
for light and temperature measurements, as well as the
performance of the instrument under severe field condi-
tions. The response of the intensity of the saturating pulse
to low temperatures was tested in laboratory conditions.
At —15°C the MONI-head showed a 10% reduction of

maximum saturating-pulse intensity, but the instrument
operated normally at +50°C. In needles of Scots pine, the
decrease in the intensity of the saturating pulse under
below-zero temperatures did not impair the full reduction
of the primary quinone acceptors, as indicated by the sat-
uration of the chlorophyll fluorescence increase during the
saturating pulse (data not shown).

Further, one-point calibration of the MONI-head PPFD
sensor was achieved in sunlight under clear skies. Calibra-
tion was against a cosine-corrected quantum sensor (type
MQS-B, Walz) which was mounted next to the light-
reflecting area of the sample holder and in the same plane.
After calibration, the relationship between the MONI-head
and MQS-B sensor was linear throughout the range of
light intensities during the day (y = 0.9812x — 0.3335,
R = 0.9959, PPFD range 0-1,250 pmol m 2 s_l). The
relationship between the MONI-head and MQS-B sensor did
not depend on the angle of incidence of light: plotting MONI-
head versus MQS-B response at an angle of incidence of 55°
and 80° yielded similar slopes of first-order regressions (the
ratio of slopes, slope 80°/slope 55°, was 1.01 with standard
deviation of 0.06; n = 3). Overall, the PPDF estimates of the
MONI-head gave satisfactory estimates of the incident light
reaching the leaf, which facilitates the accurate estimation of
the electron transport rate (ETR).

Finally, the built-in MONI-head temperature sensor was
compared in the field against a thermocouple (TC) placed
next to the needles in the sample holder. The relationship
between MONI-head temperature sensor and TC was linear
throughout the range of temperatures (y = 0.9989x +
0.2695, R* = 0.89, Temperature range: 0-20°C). A closer
evaluation, however, revealed that differences between the
sensors increased with increasing temperatures and reached
values of £5°C at 15°C.Correspondingly, linear regres-
sions analysis yielded a value of R* of 0.9227 when the TC
ranged from 0 to 10°C but an R? of 0.2485 was observed in
the range of 10-20°C. The sign of the difference between
TC temperature and PPFDg did not reveal any relationship
with environmental conditions like, for example, direct
exposure to sunlight. Overall, the temperature estimate of
the MONI-head should be used only as an approximation.
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Seasonal acclimation of PSII

The MONI-PAM was employed to follow the seasonal
acclimation of PSII to the natural environment in Scots
pine needles. Left and right panels of Fig. 2, respectively,
depict the results obtained with needles from a top branch
of Scots pine before and after the spring recovery of pho-
tosynthesis. By definition, the daytime F, and F/, becomes
Fy and F,, chlorophyll fluorescence levels, respectively,
during the night. Accordingly, fluorescence provides
information on PSII operating efficiency, ®p, during the
day and maximum photochemical yield of PSII, ®p,.x,
during the night (Fig. 2c, h).

The ®p,,,x increased from March 25 to 29 (Fig. 2¢). The
recovery of @p,.x Was characterized by maximum daytime
temperatures above 15°C (Fig. 2b). Therefore, it is rea-
sonable to assume that high-daytime temperatures
triggered the rise of ®p,,x. Both, Fy and F, level fluo-
rescence recovered concomitantly with ®p,., (Fig. 2d, e).
In particular, the increase in F\, is consistent with relaxa-
tion of sustained non-photochemical dissipation of
excitation energy. After March 29, temperatures decreased
again and night frosts appeared (Fig. 2b) and the Fy, F,
and O®p,,, decreased (Fig. 2d, e). Again, the long-term data
for F,, indicated that sustained non-photochemical energy
dissipation, causing decreasing ®p.x values, builds up
with falling temperatures.

The ®p., together with F,,, decreased during some
cold nights in March and early April (Fig. 2c, e). Similar
decreases during cold nights have been observed when
measuring greenhouse-grown grapevine leaves and these
observations were attributed to photoinhibitory effects of
saturating light pulses (Flexas et al. 2000). To test this
idea, we disconnected two of the four MONI-heads for 4 h
at night, and compared the change in F,, before and after
the 4-h period. The results showed that F,;, had decreased
by 3.7% and 3.5% in the needles receiving saturating pulse,
whereas F, decreased by 0.4% and increased by 1.3% in
the absence of saturating pulses. Therefore, photoinhibitory
action of saturating pulses during cold March nights very
probably caused the decreases in F,, and in ®p,,x values.
Similarly, saturating light intensities could also explain
why some needles presented visible signs of damage after
being monitored for several days during cold winter con-
ditions (not shown).

To alleviate the side effects of saturating pulses, we
increased the interval between pulses from 5 to 10 min:
nighttime depression of ®p,,x was still occasionally
observed in cold nights during April. It is advisable,
therefore, to decrease the frequency of saturating pulses
during cold nights even further (e.g. every hour) and,
during daytime, carry out measurements at higher fre-
quencies (e.g. 5-10 min). The Ilatter regime of data
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collection would still permit long- and short-term adjust-
ments in PSII to be followed.

That the levels of F; and F,,, during June were lower than
those during March (compare Fig. 2d, e with 2h, i) was
predominantly caused by a sample change; i.e. a smaller
leaf area was probed in June than in March. This
re-emphasizes the importance of maintaining a constant
area under examination to draw accurate conclusions on
the true fluorescence levels. The latter intensity variations,
however, do not influence the ®p,,,, which was close to 0.8
in June but always below 0.65 in March measurements
(Fig. 2c, h). We conclude from the low ®p,., that sus-
tained non-photochemical dissipation of energy did not
completely disappear during the warm temperature phase
in March.

Changes in leaf absorptance due to chlorophyll synthesis
or changes of other optical properties (cf. Pfiindel et al.
2006) might affect the determination of absolute fluores-
cence levels in long-term experiments. Similarly, changes
in connectivity between PSII units will affect Fy, and
changes in the relative absorption in cross sections of
PSII:PSI will affect the intensity of measured fluorescence.
Therefore, parallel investigation of these factors is needed
to critically evaluate and correct long-term records of
absolute fluorescence signals.

Diurnal acclimation of PSII

Over the diurnal scale, F; and F’ I’n provided information on
the functioning of the rapid acclimation processes of
energy partitioning in PSII. For example, during the cold
days in winter, F; began increasing immediately after
sunrise but F) began decreasing about 45 min later
(Fig. 3a). This phenomenon is consistent with the
assumption that the F; increase corresponds to a reduction
of the electron transport chain upon sunrise when low
temperatures retard the use of ATP and NADPH by the
Calvin cycle, and also the operation of the xanthophyll
cycle and formation of ApH which both are required for
non-photochemical dissipation of the excess excitation
energy. Apparently, after 45 min, the build-up of ApH and
de-epoxidation of violaxanthin into zeaxanthin was suffi-
cient to result in noticeable non-photochemical energy
dissipation which is reflected in decreasing F/,. This phe-
nomenon was observed daily during the first monitoring
period in late March and early April. In contrast to cold
weather conditions, Fr’n decreased immediately after sun-
rise during warm days (Fig. 3b).

Apart from the seasonal variations observed immediately
after sunrise, three general stages could be distinguished in
the diurnal variations of F:n and F, (Fig. 3a, b): firstly, after
sunrise, F} decreased and F, increased denoting increasing
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heat dissipation together with saturation of the electron
transport chain; secondly, during the day, both F| and F,
changed in a similar manner indicating the rapid adjustment
in NPQ to fluctuations in the light environment; and, thirdly,
before sunset, F, increased and F decreased, corresponding
to a relaxation of non-photochemical energy dissipation and
re-oxidation of the electron transport chain.

MONI-PAM versus other monitoring systems

During the last years several fluorometers have been
developed for remote monitoring of the long-term changes
in leaf photosynthetic properties. The “Frequency-Induced
Pulse Amplitude Modulated” fluorometer (FIPAM)
(Flexas et al. 2000) or the Laser-PAM (Ounis et al. 2001)
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Fig. 3 Diurnal changes in the maximum chlorophyll fluorescence
intensity (F,, or F,, during the night), and current chlorophyll
fluorescence intensity (F, or F, during the night), measured on two
different days: (a) before the spring recovery of photosynthesis and
(b) after the recovery. Gray areas represent nighttime (ambient
PPFD = 0)

are both based on the saturating-pulse technique combined
with fluorescence detection, which permit measurements
to be made up to a few meters from the leaf. Other types
of monitoring fluorometers utilize sunlight and measure
the current fluorescence level (Fy); for example, the
“Passive  Multi-wavelenght  Fluorescence Detector”
(PMFD; see Louis et al. 2005) which measures F; based
on the Fraunhofer-lines principle (Moya et al. 2004). Such
fluorometers are capable of measuring at greater distances
(>10 m), but they do not supply a saturating light pulse to
the leaf and hence do not measure F,,,. Some intermediate
technologies use sub-saturating light pulses and operate
at intermediate distances of 5-30 m; for example, the
“Laser-Induced Fluorescence Transient” (LIFT; see
Ananyev et al. 2005). In this context, the MONI-PAM
overlaps its application niche with the FIPAM or Laser-
PAM. However, the main difference between these
instruments is that the MONI-PAM is physically attached
to the leaf and moves together with it, hence it has proved
to be particularly suitable for long-term measurements
under field conditions (i.e. rain, wind, and variable tem-
peratures) by maintaining a constant leaf area under
examination and, therefore, facilitating the interpretation
of changes in Fy, F,, F),, and Fy, levels throughout the
monitoring period.
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Conclusion

The new MONI-PAM is able to record continuously, and
with adequate resolution, short- and long-term acclimation
of photochemical and non-photochemical utilization of
absorbed light energy by PSII under realistic field condi-
tions. In particular, the fluorometer system provides the
data required to assess seasonal adjustments of sustained
NPQ which are difficult to obtain using conventional
fluorometers.

Acknowledgements We are grateful to Veijo Hiltunen, Heikki
Laakso, Toivo Pohja, and Erkki Siivola for the technical support
provided at SMEAR 1II; to Profs. Pertti Hari and Eero Nikinmaa
(University of Helsinki, Finland) for helpful discussions; and to Dr.
Robert J. Porra (CSIRO-Plant Industry, Canberra) for help in pre-
paring the manuscript. This work was supported by the Academy of
Finland (Pr. No. 211483 and 1113279).

References

Ananyev G, Kolber ZS, Klimov D, Falkowski PG, Berry JA, Rascher
U, Martin R, Osmond B (2005) Remote sensing of heterogeneity
in photosynthetic efficiency, electron transport and dissipation of
excess light in Populus deltoides stands under ambient and
elevated CO, concentrations, and in a tropical forest canopy,
using a new laser-induced fluorescence transient device. Glob
Change Biol 11:1195-1206

Bilger W, Bjorkman O (1990) Role of the xanthophyll cycle in
photoprotection elucidated by measurements of light-induced
absorbance changes, fluorescence and photosynthesis in leaves
of Hedera canariensis. Photosynth Res 25:173-185

Bolhar-Nordenkampf HR, Long SP, Baker NR, Oquist G, Schreiber
U, Lechner EG (1989) Chlorophyll fluorescence as a probe of the
photosynthetic competence of leaves in the field: a review of
current instrumentation. Funct Ecol 3:497-514

Demmig-Adams B, Adams WW III (1992) Photoprotection and other
responses of plants to high light stress. Annu Rev Plant Physiol
Plant Mol Biol 43:599-626

Flexas J, Briantais J-M, Cerovic Z, Medrano H, Moya I (2000)
Steady-state and maximum chlorophyll fluorescence responses
to water stress in grapevine leaves: a new remote sensing system.
Rem Sens Environ 73:283-297

Genty B, Briantais J-M, Baker NR (1989) The relationship between
the quantum yield of photosynthetic electron transport and
quenching of chlorophyll fluorescence. Biochim Biophys Acta
990:87-92

Kitajima M, Butler WL (1975) Quenching of chlorophyll fluorescence
and primary photochemistry in chloroplasts by dibromothymo-
quinone. Biochim Biophys Acta 376:105-115

Logan BA, Adams WW III, Demmig-Adams B (2007) Avoiding
common pitfalls of chlorophyll fluorescence analysis under field
conditions. Funct Plant Biol 34:853-859

Louis J, Ounis A, Ducruet J-M, Evain S, Laurila T, Thum T, Aurela
M, Wingsle G, Alonso L, Pedros R, Moya I (2005) Remote
sensing of sunlight-induced chlorophyll fluorescence and reflec-
tance of Scots pine in the boreal forest during spring recovery.
Rem Sens Environ 96:37-48

Maxwell K, Johnson GN (2000) Chlorophyll fluorescence—a
practical guide. J Exp Bot 51:659-668

Moya I, Camenen L, Evain S, Goulas Y, Cerovic ZG, Latouche G,
Flexas J, Ounis A (2004) A new instrument for passive remote



Photosynth Res (2008) 96:173-179

179

sensing 1. Measurements of sunlight-induced chlorophyll fluo-
rescence. Rem Sens Environ 91:186-197

Oquist G, Huner NPA (2003) Photosynthesis of overwintering
evergreen plants. Annu Rev Plant Biol 54:329-355

Ounis A, Evain S, Flexas J, Tosti S, Moya I (2001) Adaptation of a
PAM-fluorometer for remote sensing of chlorophyll fluores-
cence. Photosynth Res 68:113-120

Pfiindel EE, Agati G, Cerovic Z (2006) Optical properties of plant
surfaces. In: Riederer M, Miiller C (eds) Biology of the plant
cuticle, annual plant reviews, vol 23. Blackwell Publishing,
Oxford, pp 216-249

Porcar-Castell A, Bick J, Juurola E, Hari P (2006) Dynamics of the
energy flow through photosystem II under changing light
conditions: a model approach. Funct Plant Biol 33:229-239

@ Springer



	A new monitoring PAM fluorometer (MONI-PAM) to study �the short- and long-term acclimation of photosystem II �in field conditions
	Abstract
	Introduction
	Methods
	The MONI-PAM fluorometer
	Field measurements

	Results and discussion
	PPFD and temperature measurement, operations �at extreme temperatures
	Seasonal acclimation of PSII
	Diurnal acclimation of PSII
	MONI-PAM versus other monitoring systems

	Conclusion
	Acknowledgements
	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


