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Abstract Studies on permittivity changes in Wsh embryos
measured by impedance spectroscopy after ultrasound
treatment during exposure to cryoprotectant is reported
here for the Wrst time. The permittivity changes of zebraWsh
embryos in cryoprotectant solutions before and after ultra-
sound treatment were measured using impedance spectros-
copy. ZebraWsh (Danio rerio) embryos at 50% epiboly
stage were exposed to 2 M methanol for 25 min before
ultrasound treatment for 5 min at 22°C. Embryos were
treated with ultrasound in diVerent frequencies (24 and
48 kHz) and voltages (50, 100, 150 and 175 V) combina-
tions. The results showed a clear increasing trend of permit-
tivity from voltage 50 to 175 V over lower impedance
frequency range of 10–103 Hz indicating increased metha-
nol penetration into the embryos after ultrasound treatment.
The embryo survival was not compromised after ultrasound
treatment under conditions used in the present study. The
use of impedance spectroscopy technique provides a useful
none-invasive tool for detecting changes of cryoprotectant
penetration in Wsh embryos after ultrasound treatment. The
technique is especially useful for the selection of the suit-
able cryoprotectants in embryo cryopreservation and may
also allow quantitative measurements in embryo membrane
permeability studies.
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Introduction

Cryopreservation and cryobanking of germplasm of aquatic
species oVers many beneWts to the Welds of aquaculture,
conservation and biomedicine. Studies have shown that
there are several obstacles to Wsh embryo cryopreseravtion:
(a) the large size of Wsh embryos resulting in a low surface
area to volume ratio, which reduces the rate of water and
cryoprotectant movement during cryopreservation; (b) the
complex membrane system and low permeability of Wsh
embryos does not allow suYcient cell dehydration and
cryoprotectant penetration resulting in lethal intracellular
ice formation to the cells; and (c) Wsh embryos have a high
yolk content that is linked to their high chilling sensitivity,
making them more susceptible to injuries during exposure
to sub-zero temperatures (Zhang and Rawson 1998; Liu
et al. 1999). Successful cryopreservation of Wsh embryos
requires suYcient embryo dehydration and cryoprotectant
penetration. Several techniques have been applied for
improving cryoprotectant delivery in Wsh embryos. How-
ever, approaches such as altering Wsh embryo membrane
with aquaporin-3 protein and micro-injection are either
ineYcient or ineVective (Hagedorn et al. 2002; Robles et al.
2004; Kopeika et al. 2006).

Recent advances in ultrasound technology, especially its
applications in transdermal drug delivery through mammal
skins, are considered to have great potential for application
in the delivery of cryoprotectants into Wsh embryos. Ultra-
sonic technology is currently used in medical practice for
diagnostic and therapeutic purposes. Cavitation-level ultra-
sound has been used to enhance permeation of insulin-like
protein across human skin (Mitragotri et al. 1995a). During
the process of cavitation, oscillation and the collapse of air
bubbles eVectively disorganize the lipid bilayers allowing
large molecules to diVuse though the skin (Mitragotri et al.
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1995b). It was also shown that sonophoresis under low-fre-
quency conditions (»20 kHz) enhances transdermal trans-
port synergistically with sodium lauryl sulphate and allows
the non-invasive transdermal extraction of glucose (Mitrag-
otri et al. 1996). The use of ultrasound during cryoprotec-
tant exposure to Wsh eggs and embryos is expected to
enhance the transport of cryoprotectant (Alfaro et al. 2001).
A recent experiment using ultrasound on rainbow trout has
shown that cavitation-level ultrasound improves the access
of membrane to substances such as calcein (Bart et al.
2001).

A rapid and non-invasive method for the measurement
of cryoprotectant transportation during or after cryoprotec-
tant treatment in Wsh embryos would help membrane per-
meability studies signiWcantly. Conventional methods for
assessing embryo membrane permeability involve the use
of light microscopic measurement of volumetric change of
embryos caused by exosmosis of cellular water and cryo-
protectant penetration (Zhang and Rawson 1996, 1998).
Other techniques have also been applied in Wsh embryo
membrane permeability studies, including nuclear magnetic
resonance (NMR) spectroscopy (Hagedorn et al. 1996,
1997). However, these methods are lengthy and reduce the
capacity for multi-embryo measurement during an experi-
mental run. Recent reports on the application of impedance
spectroscopy for non-invasive measurement of cryoprotec-
tant treated Wsh embryos have demonstrated the possibility
of measuring levels of cryoprotants penetration in real-time
(Wang et al. 2006; Zhang et al. 2006). 

In electrochemistry, impedance spectroscopy is a well-
established method for characterising the electrical properties
of materials and their interfaces exposed to electronically
conducting electrodes (Angersbach et al. 1999, 2002;
Wiegand 2000). Measurement of permittivity response of
Wsh embryos during their exposure to cryoprotectants could
provide important information on their membrane perme-
ability. A direct correlation between permittivity and cell
membrane potential at low frequencies in living cell sus-
pensions has been reported by Prodan and Prodan (1999)
and Prodan et al. (2004). The use of permittivity measure-
ment in studies of cryoprotectant penetration into Wsh
embryos has also been demonstrated (Wang et al. 2006).
The changing trends of measured permittivity over time
conWrmed the penetration of cryoprotectants into the
embryos after 3–10 min of exposure to methanol and dime-
thyl sulfoxide (DMSO).

In this study, the permittivity changes of zebraWsh
embryos in cryoprotectant solutions before and after ultra-
sound treatment were measured using impedance spectros-
copy. The permittivity changes were used as indications for
cryoprotectant penetration of the embryos. Methanol was
used to study the suitability of selected frequency and out-
put power on ultrasound device, as it was demonstrated as

the most promising cryoprotectant for zebraWsh embryos
(Zhang et al. 1993).

Materials and methods

ZebraWsh breeding and embryo collection

Adult zebraWsh were held in a closed re-circulating system
in 12 L tanks with 8–12 Wsh per tank. The temperature of
the system water was maintained at 28°C and the photo
period was Wxed at 14 h light:10 h dark. ZebraWsh were fed
three times daily with TetraMin Xake food (Tetra, Ger-
many) and newly hatched brine shrimps. Embryos were
collected from breeding trays each morning and maintained
in embryo medium (60 �g/ml ocean salt in deionised water)
at 28.5°C until 50% epiboly stage. Intact embryos at 50%
epiboly stage were used in this study. The developmental
stage of the embryos was examined using a laboratory
microscope (Lecia, UK).

Ultrasound treatment during embryo exposure to methanol

A custom-built ultrasound system was used in this study.
A signal generator (HP 8116A Pulse/Function Generator,
USA) along with a wideband ampliWer (Krohn-Hite 7500
AmpliWer, Germany) was used to drive the transducer (pie-
zoelectric disc, SJ Electronics, UK). The transducer (5 cm
in diameter and 1.0 cm in thickness) was glued onto a PVC
base and then sandwiched between two PVC cylinders
(5 cm in diameter and 3 cm in height), which holds up to
50 ml water. A test tube holding rack with four 1 cm diam-
eter holes were place on top of the transducer device
(Fig. 1). Embryos were exposed to 2 M methanol for
25 min before loaded into the test tubes (in 1 ml 2 M meth-
anol), which were then placed into the ultrasound unit for
5 min at 22°C. Embryos were treated with ultrasound in
diVerent frequencies (24 and 48 kHz) and voltages (50,
100, 150 and 175 V) combinations. Eighteen embryos were
used in each treatment and each treatment was repeated six
times. Embryos in 2 M methanol for 30 min without ultra-
sound treatment were used as controls.

After ultrasound treatment, 12 embryos were removed
from the test tubes (six were used for permittivity measure-
ments), they were washed three times in embryo medium
and held in embryo medium in 100 ml beakers at 28.5°C
for 4 days. Hatching rates of embryos with or without ultra-
sound treatment were assessed. Hatched larvae were exam-
ined under the microscope morphologically using the
criteria described in the ZebraWsh Book (WestWeld 1995).
Abnormal larvae were considered non-viable. Embryo sur-
vivals in embryo medium without ultrasound treatment
were also assessed.
123



Eur Biophys J (2008) 37:1039–1044 1041
Studies of permittivity spectra during embryos exposure 
to methanol

Permittivity spectra of embryos with or without ultrasound
treatment were recorded using Solartron SI1260 Imped-
ance/Gain-Phase Analyser (Novocontrol Technologies,
Germany) with the impedance measurement range of 10–
100 m� (accuracy 0.1%). AC output voltage of the system
was set at 1.0 Vrms for current measurement across the fre-
quency range 10–106 Hz with 12 logarithmic sweeping
points per decade. Permittivity was measured automatically
along with speciWc conductivity, serial/parallel impedance,
capacitance and tan (d), temperature and actual time. A spe-
cially designed embryo holding cell and the associated
electrodes connections were used (Wang et al. 2006).

Methanol (Sigma, UK) solution (2.0 M) was made up in
embryo medium shortly before experiments. For each exper-
iment, six embryos were loaded into the holding chamber
with a pipette as it was conWrmed as an optimal loading level
in our previous study (Zhang et al. 2006). Both ultrasound
treated and untreated embryos were measured in the same
manner. The holding chamber was then quickly covered with
a lid and secured between the two electrodes. A single sweep
was set over the frequency range 10–106 Hz. All experiments
were run under room temperature at 22 § 1°C. The holding
chamber was carefully cleaned and recalibrated with stan-
dard KCl solutions before each experiment.

Survival of embryos after ultrasound treatment 
and freeze-thawing

In these experiments, embryos were exposed to 2 M metha-
nol for 25 min in test tubes before ultrasound treatment for
5 min at 22°C. Embryos were treated with ultrasound at
diVerent frequency (24 and 48 kHz) and voltage (150 and

175 V) combinations before loading into 0.5 ml plastic
straws and frozen using the following protocol: cooling
from 20 to ¡7.5°C at 2°C/min; manual seeding at ¡7.5°C
and holding for 5 min; slow freezing to ¡15°C at 0.3°C/
min. Thawing was carried out by direct immersion of
straws in 28°C water bath for 10 s. After thawing embryos
were washed three times in embryo medium and held 100-
ml beakers at 28.5°C for 4 days. Control embryos were
treated in 2 M methanol for 30 min without ultrasound
before they were frozen using the same protocol. Hatching
rates of embryos with and without ultrasound treatment
were assessed using the method described above. Fifteen to
twenty-two embryos were used in each treatment and each
treatment was repeated nine times.

Statistical analyses

The overall eVects of ultrasound at diVerent frequency and
voltage combinations and embryo survivals were statisti-
cally analysed. Student’s t test (two tailed assuming
unequal variances) was applied to determine diVerences
between the treated and the controlled groups. Values of P
less than 0.05 were considered to be statistically signiWcant.
Means, standard errors, threshold values for t test and vari-
ance were calculated using Excel.

Results and discussion

EVect of ultrasound treatment on permittivity changes 
in the embryos

The permittivity spectra of six embryos loaded in 2.0 M
methanol at diVerent ultrasound treatment combinations are
presented in Figs. 2 and 3. An increasing trend of permittiv-
ity from voltage 50 to 175 V was seen over the lower
impedance frequency range of 10–103 Hz. Under 24 KHz
ultrasound treatment condition, the permittivity values at
10 Hz were increased from 3285.41 mF/m (Control) to
3667.94 mF/m (50 V), 4350.16 mF/m (100 V), 4896.79 mF/m
(150 V) and 5928.58 mF/m (175 V) (p < 0.05). Relatively
small increases or unchanged values were obtained
between 103 and 106 Hz (Fig. 2). A similar trend was also
obtained for 48 KHz ultrasound treatment experiment. The
values were increased from 3285.4 mF/m (Control) to
4023.7, 4719.2, 5167.0 and 6490.75 mF/m for 50, 100, 150
and 175 V, respectively (p < 0.05).

The measured changes in permittivity reXected the
changes in methanol penetration of the tested embryos after
ultrasound treatment. The embryos were treated with 2 M
methanol for 25 min prior to ultrasound treatment (5 min),
which equilibrated the water and methanol movements
between intra-embryonic and extra-embryonic Xuid before

Fig. 1 Schematic diagram of the ultrasound device and embryo hold-
ing rack. 1 Transducer; 2 transducer holding case; 3 embryo holding
tube rack; 4 embryo holding tube (1.0 cm diameter); 5 transducer con-
nections
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ultrasound was introduced. The equilibrated conditions
were used as control values in both 24 and 48 KHz experi-
ments. The increased permittivity values after 5 min ultra-
sound treatment can be explained as the increased level of
methanol in the embryos that changed the electrochemical
property of these embryos. The changes were conWrmed by
the measured higher permittivity values than those obtained
with the control groups. The increasing trend in permittiv-
ity with the applied voltages from 50, 100, 150 and 175 V
demonstrated the positive impact of ultrasound force. It is
also evident that the permittivity changes after ultrasound
treatment are frequency-dependent, which is in agreement
with our previous studies (Wang et al. 2006).

Ultrasound has been used in the medical Weld for several
decades, recently there has been considerable interest in
developing ultrasound as a technique to enhance transder-
mal drug delivery (Mitragotri et al. 1996) and the optimal

conditions (frequency and power) of the ultrasound tech-
nique in drug delivery application have been thoroughly
studied and deWned. It is well known that low frequency
high intensity ultrasound (conditions promoting collapse
cavitation) is much more eVective than higher frequencies
for transportation of proteins and other large molecules.
Electron microscopy on skin exposed to low frequency
ultrasound revealed the removal of surface cells and the
formation of large pores and pockets (»20 �m) (William
et al. 2004). In the present study ultrasound frequencies of
24 and 48 KHz were used.

The diVerences in the permittivity spectra at diVerent volt-
age levels applied in ultrasound treatment reXected diVerent
strength of the ultrasound force and its impact on membrane
permeability. The transducer introduces cavitations on
embryo membranes and creates micro air bubbles. The col-
lapse of air bubbles eVectively disorganises the membranes,
which allowed methanol molecules to permeate. In reverse,
the water molecules were transported out into the extra-
embryo Xuid driven by osmosis force. In the present study,
the permittivity increased with increasing voltage (from 50 to
175 V) applied at both ultrasound frequencies (24 and
48 KHz), indicating 24 KHz/175 V and 48 KHz/175 V are
the most eVective conditions in the present study.

EVect of ultrasound treatment on embryo survival

Figure 4 shows 50% epiboly embryo survivals before and
after ultrasound treatment at diVerent frequency and volt-
age combinations. No signiWcant diVerences in embryos
survivals were found between ultrasound treated and the
two control groups (both embryo medium and 2 M metha-
nol, p > 0.05). EVective ultrasound treatment requires the
increased cryoprotectant delivery into the embryos without
compromising their viability. One possible negative impact
of ultrasound treatment was heat generation during the
treatment, which is normally caused by the energy release
during the collapses of the micro bubbles (Machet et al.
1998; Meidan et al. 1999). Bart and Kywa (2003) also stud-
ied the eVect of zebraWsh embryo survival after ultrasound
treatment and methanol exposure, however, as the metha-
nol concentrations used in their study was exceptionally
high (>10 M) and no methanol treated controls were given,
it was impossible to identify the eVect of ultrasound on
embryo survival. In the present study, no negative impact
of ultrasound on embryo survival was observed under the
experimental conditions used.

Survival of embryos after ultrasound treatment 
and freeze-thawing

The survivals of embryos after ultrasound treatment and
freeze-thawing are shown in Fig. 5. Although average

Fig. 2 Permittivity changes of six embryos after ultrasound treatment
at 24 KHz and voltages of 50, 100, 150 and 175 V, respectively. Em-
bryos were pre-treated with 2.0 M methanol for 25 min followed by
5 min ultrasound treatment in the same solution
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Fig. 3 Permittivity changes of six embryos after ultrasound treatment
at 48 KHz and voltages of 50, 100, 150 and 175 V, respectively. Em-
bryos were pre-treated with 2.0 M methanol for 25 min followed by
5 min ultrasound treatment in the same solution
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survivals for ultrasound treated embryos were higher for all
frequency and voltage combinations when compared with
embryos without ultrasound treatment, there were no sig-
niWcant diVerences between these results. Higher voltages
may need to be applied to improve the results. Bart and
Kywa (2003) suggested a 47 KHz and 420 V combination
for ultrasound treatment of zebraWsh embryos based on the
survival rate of the embryos after ultrasound treatment (no
cryoprotectant penetration was investigated in their report),
however, as no statistical analysis results were provided in
their study for all treatment conditions and especially those
which provided ambiguous results, it is impossibly to be
convinced that these conditions were suitable for zebraWsh
embryos. Further studies are needed to conWrm the eVect of
higher voltage on embryo survival after ultrasound treat-
ment and freezing.

Conclusions

The results presented in this study indicated that the ultra-
sound treatment has enhanced methanol penetration of the
tested zebraWsh embryos at 50% epiboly stage and espe-
cially when 24 HKz/175 V and 48 KHz/175 V combina-
tions were used. The permittivity changes appeared to be
frequency dependent. In the lower frequency range (10–
103 Hz), permittivity values increased with the increasing
level of ultrasound treatment power, which can be
explained as increased methanol penetration. The present
study provided foundations for identifying the optimum
ultrasound treatment conditions for Wsh embryos to achieve
maximum cryoprotectant penetration in their cryopreserva-
tion studies. The use of impedance spectroscopy provides a
useful none-invasive tool for detecting changes of cryopro-
tectant penetration in Wsh embryos after ultrasound treat-
ment. The technique is especially useful for the selection of
the suitable cryoprotective chemicals and may also allow
quantitative measurements in embryo membrane perme-
ability studies. The combination of the use of ultrasound
and impedance technologies could provide a unique tool to
advance current cryopreservation studies on Wsh embryos.

Acknowledgments This research is funded by the Welcome Trust
(GR069889RP).

References

Alfaro J, Komen J, Huisman EA (2001) Cooling, cryoprotectant and
hypersaline sensitivity lf penaeid shrimp embryo and nauplius lar-
vae. Aquaculture 195:353–366

Angersbach A, Heinz V, Knorr D (1999) Electrophysiological model
of intact and processed plant tissues: cell disintegration criteria.
Biotechnol Prog 15:753–762

Angersbach A, Heinz V, Knorr D (2002) Evaluation of process-in-
duced dimensional changes in the membranes stricture of biolog-
ical cells using impedance measurement. Biotechnol Prog
18:597–603

Bart AN, Kindschi GA, Ahmed H, Clark J, Young J, Zohar Y (2001)
Enhanced transport of calcein into rainbow trout, Oncorhynchus
mykiss, Larvae using cavitation level ultrasound. Aquaculture
196:189–197

Bart AN, Kywa HA (2003) Survival of zebraWsh, Brachydanio rerio
(Hamilton-Buchanan), embryo after immersion in methanol and
exposure to ultrasound with implications to cryopreservation.
Aquac Res 34:609–615

Hagedorn M, Hsu EW, Pilatus U, Wildt DE, Rall WF, Blackband SJ
(1996) Magnetic resonance microscopy and spectroscopy reveal
kinetics of cryoprotectant permeation in a multicompartmental
biological system. Proc Natl Acad Sci 93:7454–7459

Hagedorn M, Hsu EW, Kleihans FW, Wildt DE (1997) New approach-
es for studying permeability of Wsh embryos: toward successful
cryopreservation. Cryobiology 34:335–347

Hagedorn M, Lance SL, Fonseca DM, Kleinhans FW, Artimov D, Flei-
scher R, Hoque ATMS, Hamilton MB, Pukazhenthi BS (2002)
Altering Wsh embryos with aquaporin-3: an essential step toward
successful cryopreservation. Biol Reprod 67:961–966

Fig. 4 Survival of 50% epiboly stage zebraWsh embryos after ultra-
sound treatment at a range of frequency and voltage combinations. Fif-
ty percent of epiboly embryos were exposed to 2.0 M methanol for
25 min followed by 5 min ultrasound treatment in the same solution at
room temperature. Embryos were then washed and incubated for
4 days at 28.5°C before their hatching rates were assessed. C1 embryo
survival in embryo medium without ultrasound treatment (embryo
medium control); C2 embryo survival in 2.0 M methanol for 30 min
without ultrasound treatment (2 M methanol control)

0

20

40

60

80

100

120

C1    C2 50V 100V 150V 175V

E
m

br
yo

 s
ur

vi
va

l (
%

)
24KHz 48KHz

Fig. 5 Survival of embryos after ultrasound treatment and freeze-
thawing. Embryos were treated in 2 M methanol for 30 min with or
without ultrasound before they were frozen using controlled slow cool-
ing. Embryo survival of room temperature control was 93.3 § 2.2%

0

10

20

30

Without
Ultrasound

175/48          175/24           150/48           150/24

S
u

rv
iv

al
 o

f 
E

m
b

ry
o

s 
(%

)

123



1044 Eur Biophys J (2008) 37:1039–1044
Kopeika J, Rawson DM, Zhang T (2006) Preliminary study on modiW-
cation of yolk sec of zebraWsh embryos (Danio rerio) using
microinjection. CryoLetters 27(5):319–328

Liu X-H, Zhang T, Rawson DM (1999) The eVect of partial removal of
yolk on the chilling sensitivity of zebraWsh (Danio rerio) embry-
os. Cryobiology 39(3):236–242

Machet L, Cochelin N, Patat F, Arbeille B, Machet MC, Lorette G,
Vaillant L (1998) In vivo phonophoresis of mannitol, oestradiol
and hydrocortisone across human and hairless mouse. Int J Pharm
165:169–174

Meidan VM, Walmsley AD , Docker MF, Irwin WJ (1999) Ultra-
sound-enhanced diVusion into coupling gel during phonophoresis
of 5–Xuorouracil. Int J Pharm 185:205–213

Mitragotri S, Blankschtein D, Langer R (1995a) A mechanistic study
of ultrasonically enhanced transdermal drug delivery. J Harmacol
Sci 84:697–706

Mitragotri S, Edwards D, Blankschtein D, Langer R (1995b) A mech-
anistic study of ultrasonically enhanced transdermal drug deliv-
ery. J Pharm Sci 84:697–706

Mitragotri S, Blanckschtein D, Langer R (1996) Transdermal drug
delivery using low frequency sonophoresis. Pharmacol Res
13:411–420

Prodan C, Prodan E (1999), The dielectric behaviour of living cell sus-
pensions. J Phys D Appl Phys 32:335–343

Prodan C, Mayo F, Claycomb JR, Miller JH Jr, Bendik MJ (2004),
Low-frequency, low-Weld dielectric spectroscopy of living cell
suspensions. J Appl Phys 95:3754–3756

Robles V, Cabrita E, Herraez MP (2004) Microinjection of antifreeze
proteins into turbot embryos. Cryobiology 49:317

Wang RY, Zhang TT, Bao Q-Y, Rawson DM (2006) Study of Wsh
embryo responses to the treatment of cryoprotective chemicals
using impedance spectroscopy. Eur Biophys J 35(3):224–230

WestWeld M (1995) The ZebraWsh Book. University of Oregon Press,
Eugene, USA

William G, Pitt Dr, Ghaleb A, Husseini Dr, Staples BJ (2004) Ultra-
sonic Drug Delivery–A General Review. Expert Opin Drug Deliv
1(1):37–56

Wiegand G (2000) Fundamental principles of the electric properties of
supported lipid membranes investigated advanced methods of
impedance spectroscopy. Shaker Verlag GmbH, Germany

Zhang T, Rawson DM (1996) Permeability of the vitelline membrane
of zebraWsh (Brachydanio rerio) embryos to methanol and pro-
pane-1,2-diol. Cryo Lett 17:273–280

Zhang T, Rawson DM (1998) Permeability of dechorionated 1-cell and
6-somite stage zebraWsh (Brachydanio rerio) embryos to water
and methanol. Cryobiology 32:239–246

Zhang T, Rawson DM, Morris GJ (1993) Cryopreservation of pre-
hatch embryos of zebraWsh (Brachydanio rerio). Aquat Living
Resour 6:145–153

Zhang T, Wang RY, Bao Q-Y, Rawson DM (2006) Development of a
new rapid measurement technique for Wsh embryo membrane per-
meability studies using impedance spectroscopy. Theriogenology
66(4):982–988
123


	Ultrasound enhanced methanol penetration of zebraWsh (Danio rerio) embryos measured by permittivity changes using impedance spectroscopy
	Abstract
	Introduction
	Materials and methods
	ZebraWsh breeding and embryo collection
	Ultrasound treatment during embryo exposure to methanol
	Studies of permittivity spectra during embryos exposure to methanol
	Survival of embryos after ultrasound treatment and freeze-thawing
	Statistical analyses

	Results and discussion
	EVect of ultrasound treatment on permittivity changes in the embryos
	EVect of ultrasound treatment on embryo survival

	Survival of embryos after ultrasound treatment and freeze-thawing

	Conclusions
	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


