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Abstract—Atmospheric pressure plasma jets generated by 
apokamp discharge (APPJ AD) in ambient air was investigated 
for the improvement of growth parameters of spring wheat seeds 
(«Irgina» cultivar) and for inhibition of potentially 
phytopathogenic fungi on seeds surface. In case of APPJ AD, 
active forms of oxygen and nitrogen (as well as the radiation of 
molecules) are formed in the air of atmospheric pressure, which 
increases their concentration in the streamer head by orders of 
magnitude, compared to traditional APPJ based on inert gases. 
Owing to this, we believe to concentrate action of active forms of 
oxygen and nitrogen in situ, on the biological target. In our case, 
this can intensify the processes of inactivation of microscopic 
mold fungi on the surface of seeds. We tested our hypothesis on 
wheat seeds infected with helminthosporiosis (Bipolaris 
sorokiniana Shoemaker) with a degree of infection of 50% and 
early blight (Alternaria sp.), whose infection rate was 10%. In the 
first case, the seeds were treated by apokamp plasma for 1 and 10 
minutes. It provided a significant reduction in the degree of 
infection of seeds with helminthosporiosis by 1.7 and 2.3 times. In 
comparison with check variant, the treated seeds maintained high 
rates of viability and germination energy. In the second case, it 
was possible to completely inactivate alternariosis pathogens 
within 3 min of treatment. In addition, it is shown that the action 
of APPJ AD caused a statistically valid elongation of the roots of 
wheat seedlings. A hypothesis is proposed to explain the found 
effects. The potential advantages of APPJ AD in the task of seed 
surface treatment in comparison with other known atmospheric 
plasma techniques are discussed.  

Keywords—Alternaria sp., apokamp discharge, atmospheric 
plasma, Bipolaris sorokiniana Shoemaker, reactive oxygen species, 
phytopathogenic fungi 

I. INTRODUCTION 
The use of physical factors is attractive alternative to raise 

the yield of agricultural production while improving plant 
protection and storage. In comparison of conventional 
treatments based on chemicals, physical methods for seed 

invigoration reduce the use of fertilizers and also used for seed 
disinfection before sowing and during the storage [1, 2]. 

One of physical factors is atmospheric pressure plasma [3]. 
The most interesting techniques to practice are Atmospheric 
Pressure Plasma Jets (APPJs), plasma of Dielectric Barrier 
Discharges (DBDs) and atmospheric radio-frequency glow 
discharge plasma [4 7]. Operation at atmospheric pressure 
makes it easier to obtain and deliver plasma to biological 
objects. 

The action of plasma is determined by its composition. 
Typically, atmospheric plasma is generated in gas or gas 
mixture, argon, helium, oxygen, nitrogen or air. Atmospheric 
plasma in air consists of a mixture of neutral atoms, charged 
particles, excited molecules, radicals and photons. The most 
interesting for biological applications are reactive oxygen and 
nitrogen species (RONS) such as nitric oxide and nitrogen 
dioxide (NO, NO2), dinitrogen pentoxide (N2O5), ozone (O3), 
hydroxyl (HO ), superoxide ( O2 ), hydroperoxyl (HO2 ), and 
UV photons [8 13]. 

Nowadays the positive effect of atmospheric plasma 
treatment on the germination of seeds of various crops, their 
viable rate, growth dynamics and crop quality has been 
experimentally established. Moreover, it is shown that the 
RONS produced within plasma are highly effective 
antimicrobial agents that are also capable of degrading a wide 
variety of toxic compounds, including mycotoxins [14 17]. 
The advantages of this treatment are the efficiency of 
inactivation of microorganisms, a relatively simple treatment 
procedure, complete or partial rejection of chemical growth 
stimulants and protectants, and a relatively short duration of 
treatment procedure. 

In this paper, we study the effects of atmospheric plasma on 
spring wheat seeds contaminated with pathogenic fungi. 

Research was supported by “Tomsk State University competitiveness 
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SB RAS, project #13.1.4. 
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Inasmuch as wheat is one of the world’s leading food crops 
and is one of the most grown cereals, it was selected as the 
research material. Wheat is a staple source of nutrients for 
around 40% of the world’s population [18]. According to 
statistics of the Food and Agriculture Organization (FAO) of 
the United Nations In 2018, global wheat production was led 
by China, India, and Russia [19]. 

Fungi of the genus Alternaria (about 250 species), can 
produce a wide range of toxins is a significant and present 
threat to the health of humans. The Alternaria genus is 
commonly present in cereals, increasing risk in affected wheat. 
Prevention of contamination by Alternaria fungi is an urgent 
task. Pathogen Bipolaris sorokiniana (syn. Drechslera 
prorokiniana syn. Helminthosporium sativum, teleomorph 
Cochliobolus sativus) also causes great harm to agriculture. 
Globally, approximatly 25 million ha of wheat area is affected 
by spot blotch. Bipolaris sorokiniana is also believed to be the 
causative agent of common root rot, seedling rot, head rot, and 
the black dot of wheat and barley [19 21]. 

The peculiarity of our work is that the source of 
atmospheric plasma is a new type of discharge. It is so-called 
apokamp discharge. The aim of the work is to evaluate the 
suitability of a new plasma source for the tasks of fungicidal 
and stimulating treatment of wheat seeds. 

II. MATERIALS AND METHODS 
Figure 1 depicts the phenomenon of apokamp discharge 

and electrical circuit for discharge formation. The discharge 
was ignited in air of atmospheric pressure between stainless 
steel electrodes (1, 2), located at a distance of 0.5–1.2 mm. To 
obtain the discharge, a source of high-voltage pulses 5 was 
used (Fig. 1, b) and step-up transformer 6, which provided 
positive polarity voltage pulses with a frequency of 16 < f < 50 
kHz, pulse duration  = 1.5–2.5 s and voltage amplitude up to 
13 kV. Electrode (1) was connected to the high-voltage output 
of the transformer, and electrode (2) had a capacitive isolation 
with grounding (C ~ 2–5 pF). 

 
Fig. 1. The view (a) and power circuit (b) of apokamp discharge: 1  high-
voltage tip electrode of positive polarity; 2  tip electrode, having a capacitive 
connection (C) to the ground; 3  pulse discharge channel, carried out at a 
frequency of f = 50 kHz at the amplitude of the voltage pulses Up ~ 11 kV; 4  
plasma plume (apokamp). The inter electrode distance d = 8 mm, the frame 
height (a) is 3.5 cm. The photo was taken with a Canon PowerShot SX 60 HS 
camera with a shutter speed of 1/8 c and a light sensitivity of ISO 1500. 

Under the described excitation conditions, a pulsed high-
voltage discharge (3) becomes the source of a luminous plasma 
plume (4), which was called apokamp (from the Greek words 

  "from" and   "bend"), because it occurs near the 
bend of channel (3) [22, 23]. 

As shown in (see references in [24]) apokamp is a positive 
streamer, similar to those obtained in the so-called atmospheric 
pressure plasma jets (APPJ) [27]. Therefore, it can be called the 
atmospheric pressure plasma jets generated by Apokamp 
Discharge (AD APPJ).  

Our plasma source has a number of distinctive properties as 
compared with traditional APPJ. First of all, the obtaining an 
extended plasma plume does not require the use of expensive 
inert gases. Secondly, the gas pumping is not required, which 
simplifies the design of the plasma source [22, 23]. The 
apokamp plasma is a source of nitrogen oxides [13], which 
indirectly indicates the formation of RONS in the discharge. 
The latter can play a active role in inactivation of the surface of 
biological objects. 

In traditional APPJ on inert gas plasma is first produced 
based on helium or argon, and only then the energy of the 
resulting plasma is transferred to the surrounding air molecules 
to form useful particles and emit nitrogen molecules and ions. 
This is associated with additional energy losses. In the 
apokamps, active forms of oxygen and nitrogen (as well as the 
radiation of molecules) are formed directly in the air of 
atmospheric pressure, which increases their concentration in 
the streamer head by orders of magnitude, compared to 
traditional APPJ based on inert gases [3]. Owing to this, we 
believe to increase the RONS concentration in situ, on the 
biological target. In our case, this can intensify the processes of 
inactivation of microscopic mold fungi on the surface of seeds, 
and, probably, enhance the plant growth parameters. 

So, we believe that AP APPJ will provide us with several 
advantages in the preparation and delivery of active forms of 
oxygen and nitrogen to seeds surface of wheat. 

The object of the study was the seeds of soft spring wheat 
(Triticum aestivum L., «Irgina» cultivar). Seeds contaminated 
with helminthosporiosis (Bipolaris sorokiniana Shoemaker) 
and alternariosis (Alternaria sp.) were used, as well as healthy 
seeds for comparison. 

During treatment the seeds were placed on a dielectric grid 
in 1–2 layers, placing it over the apokamp (4) (Fig. 1, a). To 
prevent overheating of the seeds, the grid was placed at a 
distance of at least 3 cm from the discharge channel (3). At the 
processing site the air temperature was 45 ± 8 oC. The average 
diameter of the mesh cell was about half the length of the seed. 
During processing, the seeds were mixed. Thus, the apokamp 
(plasma plume) acted directly on the surface of the seeds 
through the pores in the grid. Processing time varied from tens 
of seconds to several minutes. 

Standard methods were used to determine the growth 
qualities of grain and the level of infection. Phytoexpertize of 
seeds was carried out using the rolled paper towel method 
(GOST 12044-93) [25]. The infection and germination of seeds 
at the 7th day after treatment were tested. For seed germination, 
two layers of filter paper moistened by sterile water were used. 
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The size of the filter paper strips is 10 cm × 110 cm. The seeds 
were laid out with tweezers in one line through 1 cm at a 
distance of 2–3 cm from the upper and side edges of the paper 
with the embryos down. From above, the seeds were covered 
with a strip of moistened filter paper, rolled into non-dry rolls 
and placed vertically in vessels and placed in a thermostat. 
Seed germination was carried out at a temperature of 22–25ºC. 

After 3 days, the sprouted seeds were counted to determine 
the viable rate (GOST 12038-84). The seeds were placed in 
Petri dishes and germinated in a thermostat at +23 ºC. 

Evaluation of the statistical significance of infection rate, 
viable rate and germination energy of wheat seeds was carried 
out by comparing the sample shares with the Student's criterion 
for 95% of the significance level for probabilities of 25–75% 
inclusive, or with the Fischer criterion for other probability 
values. 

III. RESULTS AND DISCUSSION 
Three sets of experiments were conducted. In the first one, 

we used seeds infected with helminthosporiosis, with viable 
rate of 96%, germination energy of 100% and infection rate of 
50%. The apokamp exposure time was 1 and 10 minutes. 
Treatment provided a significant reduction of seeds infection 
rate by 1.7 and 2.3 times, respectively (Fig. 2). 

In addition, compared with the check variant, the treated 
seeds maintained high rates of viability and germination energy 
(Table 1). This is important because plasma action is multi-
factorial and it is necessary to be sure that plant growth 
indicators at least will not decrease. 

 
Fig. 2. Infection rate of wheat seeds with helminthosporiosis: 1  check varant 
(without plasma treatment); 2  variant with 1-min apokamp treatment; 2  
10-min apokamp treatment. Here and further, the '*' sign marks significant 
differences between control and experience at p < 0.05. 

 

 

TABLE I. LABORATORY VIABLE RATE AND GERMINATION ENERGY OF 
WHEAT SEEDS INFECTED WITH HELMINTHOSPORIOSIS (%) 

Variant Viable rate, % Germination energy, % 

Check 96 (+3.6/ 7.4) 100 ( 1.9) 

1 min 91 (+6.3/ 9.4) 92 (+5.8/ 9.1) 

10 min 92 (+5.9/ 9.1) 92 (+5.8/ 9.1) 

 

 
Fig. 3. Infection rate of wheat seeds with alternariosis: 1  check varant; 2  
variant with 1-min apokamp treatment; 2  3-min apokamp treatment. 

In the second group of experiments, seeds infected with 
alternariosis were used, with germination rates of 76% and 
initial infection rate of 10% (Fig. 3). 

After 1 and 3 minutes of plasma treatment, the germination 
rate of wheat seeds did not significantly differ from the check 
variant. The 1-min treatment resulted in a 5-fold reduction in 
seed contamination. The 3-min treatment provided complete 
disinfection of the seeds. 

In addition, on the 7th day after treatment, the growth 
indicators of wheat seedlings (root and sprout length) were 
taken into account. A statistically significant increase in the 
average length of sprouts compared to check variant was 
revealed (at a significance level of p < 0.05). Compared to 
check, in case of 1 and 3-min plasma treatment the roots length 
was 52 and 35% longer, respectively. But the length of sprouts 
in experimental and check variants had no significant 
differences.  

Will this effect persist in case of healthy seeds plasma 
treatment? To answer this question, a third set of experiments 
was conducted. The results are shown in Fig. 4. It can be seen 
that apokamp treatment also increases the root length of healthy 
wheat seeds, and does not affect the length of rootlets. 

Let's try to explain the revealed effects. Our hypothesis is as 
follows. First, ultraviolet radiation and oxygen-containing 
chemically active species of apokamp plasma plume head 
directly provide inactivation of pathogens. Secondly, nitrogen-
containing chemically active species can stimulate the growth 
of the root development of seeds. But to check this later, it is 
necessary to measure the exact composition of the chemically 
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active particles that are born in the head of the positive 
streamer (apokamp) under experimental conditions. Another 
approach would be to estimate of the specified characteristics 
by numerical simulation. 

 
Fig. 4. Length of roots and sprouts of healthy wheat seeds on the seventh day 
after pre-sowing treatment and planting: 1  check variant; 2  30-second 
treatment; 3  2-min treatment; 4  4-min treatment. 

IV. CONCLUSION 
It was proposed for the first time to use a plasma jet of 

apokamp discharge for disinfection of plant seeds from fungi 
pathogens. On the example of processing wheat seeds infected 
with helminthosporiosis (Bipolaris sorokiniana Shoemaker) 
and early blight (Alternaria sp.), the effect of inactivation of 
these pathogens was statistically significant. In addition it was 
shown that apokamp treatment stimulates the growth of roots 
of infected and healthy seeds. A hypothesis is proposed that 
links the found effects with the composition of the apokamp 
plasma plume. These features of AD APPJ (as a type of 
atmospheric plasma) have potential advantages in comparison 
with other techniques of using atmospheric plasma in the 
processing of biological objects. The obtained results could be 
the scientific basis for a new research directions. 

ACKNOWLEDGMENT 
Research was supported by “Tomsk State University 

competitiveness improvement program” grant (  8.1.29.2018), 
and by State Task for HCEI SB RAS, project #13.1.4. 

REFERENCES 
[1] S. S. Araújo, S. Paparella, D. Dondi, A. Bentivoglio, D. Carbonera, A. 

Balestrazzi, “Physical Methods for Seed Invigoration: Advantages and 
Challenges in Seed Technology,” Front. Plant Sci. vol. 7. Art. 646, May 
2016. 

[2] E. J. Rifna, K. R. Ratish, R. Mahendran, “Emerging technology 
applications for improving seed germination,” Trends in Food Sci. & 
Technol., vol. 86, pp. 95 108, April 2019. 

[3] F.-G. Ekezie, D.-W. Sun, J. -H. Cheng, “A review on recent advances in 
cold plasma technology for the food industry: Current applications and 
future trends,” Trends in Food Sci. & Technol., vol. 69, part A, pp. 
46 58, November 2017. 

[4] Y. Sakiyama, D. B. Graves, and E. Stoffels, “Influence of electrical 
properties of treated surface on RF-excited plasma needle at atmospheric 
pressure,” J. Phys. D, Appl. Phys., vol. 41, no. 9, p. 095204, May 2008. 

[5] U. Kogelschatz, “Dielectric-Barrier Discharges: Their History, 
Discharge Physics, and Industrial Applications,” Plasma Chem. Plasma 
Proces., vol. 23, no. 1, pp. 1 46, March 2003. 

[6] E. Stoffels, Y. Sakiyama, D. B. Graves, “Cold Atmospheric Plasma: 
Charged Species and Their Interactions With Cells and Tissues,” IEEE 
Transact. Plasma Sci., vol. 36, no. 4, pp. 1441–1457, August 2008. 

[7] P. Bourke, D. Ziuzina, D. Boehm, P. J. Cullen, K. Keener, “The 
potential of cold plasma for safe and sustainable food production,” 
Trends Biotechnol., vol. 36, no. 6, pp. 615–626, June 2018. 

[8] M. Laroussi, “Low temperature plasma based sterilization: overview and 
state of the art,” Plasma Proc. Polym., vol. 2, no. 5, pp. 391–400, May 
2005. 

[9] Z. Machala, B. Tarabova, K. Hensel, E. Spetlikova, L. Sikurova, P. 
Lukes, “Formation of ROS and RNS in water electro-sprayed through 
transient spark discharge in air and their bactericidal effects,” Plasma 
Proc. Polym., vol. 10, no. 7, pp. 649–59, April 2013. 

[10] A. Mai-Prochnow, A. B. Murphy, K. M. McLean, M. G. Kong, K. K. 
Ostrikov, “Atmospheric pressure plasmas: infection control and bacterial 
responses,” Int. J. Antimicrobal Agents, vol. 43, no. 6, pp. 508–517, 
February 2014. 

[11] X. Lu, G. V. Naidis, M. Laroussi, S. Reuter, D. B. Graves, K. Ostrikov, 
“Reactive species in non-equilibrium atmospheric-pressure plasmas: 
Generation, transport, and biological effects,” Phys. Rep., vol. 630, no. 4, 
pp. 1–84, May 2016. 

[12] E. J. Szili, S. H. Hong, J. S. Oh, N. Gaur, R. D. Short, “Tracking the 
Penetration of Plasma Reactive Species in Tissue Models,” Trends
Biotechnol., vol. 36, no. 6, pp. 594 602, June 2018. 

[13] V. A. Panarin, V. S. Skakun, E. A. Sosnin, V. F. Tarasenko, “Production 
of nitrogen oxides in the air pulse-periodic discharge with apokamp,” J. 
Phys. D: Appl. Phys., vol. 51, no. 20, 204005, April 2018. 

[14] J. C. Volin, F. S. Denes, R. A. Young, S. M. T. Park, “Modification of 
seed germination performance through cold plasma chemistry 
technology,” Crop Sci., vol. 40, no. 6, pp. 1706–1718, November 2000. 

[15] L. K. Randeniya, G. J. J. B. de Groot, “Non-Thermal Plasma Treatment 
of Agricultural Seeds for Stimulation of Germination, Removal of 
Surface Contamination and Other Benefits: A Review,” Plasma Process. 
Polym., vol. 12, no. 7, pp. 608–623, June 2015. 

[16] A. Zahoranová, L. Hoppanová., J. Šimon icová., Z. Tu eková, V. 
Medvecká, D. Hudecová, B. Kali áková, D. Ková ik, M. ernák, 
“Effect of cold atmospheric pressure plasma on maize seeds: 
enhancement of seedlings growth and surface microorganisms 
inactivation,” Plasma Chem. Plasma Process., vol. 38, no. 5, pp. 969–
988, September 2018. 

[17] V. Scholtz, B. Sera, J. Khun, M. Sery, J. Julak, “Effects of Nonthermal 
Plasma on Wheat Grains and Products,” Hindawi J. Food Quality, vol. 
2019(1), ID 7917825, pp. 1 10, June 2019. 

[18] P. Giraldo, E. Benavente, F. Manzano-Agugliaro, E. Gimenez, 
“Worldwide Research Trends on Wheat and Barley: A Bibliometric 
Comparative Analysis,” Agronomy, vol. 9, no. 7, 352, July 2019. 

[19] FAOSTAT. Food and Agriculture Organization of the United Nations. 
Available online: http://www.fao.org/faostat/en/ (accessed on 26 
February 2020). 

[20] D. Arcella, M. Eskola, J. A. Gómez Ruiz, “Scientific report on the 
dietary exposure assessment to Alternaria toxins in the European 
population,” EFSA J., vol. 14, p. 4654, 2016. 

[21] P. K. Gupta, R. Chand, N. K. Vasistha, S. P. Pandeyc, U. Kumar, V. K. 
Mishra, A. K. Joshi, “Spot blotch disease of wheat: the current status of 
research on genetics and breeding,” Plant Pathology, vol. 67, no. 3, pp. 
508–531, September 2018. 

[22] E. A. Sosnin, V. S. Skakun, V. A. Panarin, D. S. Pechenitsin, V. F. 
Tarasenko, E. Kh. Baksht, “Phenomenon of Apocamp Discharge,” JETF 
Letters, vol. 103, no. 12, pp. 761 764, June 2016. 

[23] V. S. Skakun, V. A. Panarin, D. S. Pechenitsyn, E. A. Sosnin, V. F. 
Tarasenko, “Formation of an Apokampic Discharge Under Atmospheric 

611

Authorized licensed use limited to: Tomsk State University. Downloaded on February 26,2021 at 12:14:47 UTC from IEEE Xplore.  Restrictions apply. 



 

 

Pressure Conditions,” Russ. Phys. J., vol. 59, no. 5, pp. 707 711, 
September 2016. 

[24] E. A. Sosnin, V. A. Panarin, V. S. Skakun, V. F. Tarasenko, A. V. 
Kozyrev, V. Y. Kozhevnikov, A. G. Sitnikov, A. O. Kokovin, V. S. 
Kuznetsov, “Apokampic Discharge: Formation Conditions and 
Mechanisms,” Russ. Phys. J., vol. 62, no. 7, pp. 1289–1297, November 
2019. 

[25] S. Singh, A. Sinha, R. Raaj, “Determination of Seed Germination of 
Fresh and Infested Stored Mungbean Vigna radiata (L.) Wilczek Seeds 
by using Different Method,” Int. J. Plant Pathology, vol. 5, no. 1, pp. 
21 27, 2014. 

 

612

Authorized licensed use limited to: Tomsk State University. Downloaded on February 26,2021 at 12:14:47 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>

    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /RUS <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


