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Abstract

The migration of methanogen in coal seams have great significance to study the improvement of coal bed gas (CBM) production
by injecting microorganisms.This study aims to identify the migration characteristics of methanogens in different rank coals.
Methanobacteria migration test was carried out by using coal samples of different particle sizes in the different rank coals. The
results show that the maximum relative bacterial absorbance of a Qianqgiu mine 18-35 mesh sample was 0.68, higher than that of
the corresponding 60-80 mesh sample (0.46), while the corresponding absorbance for the 18-35 mesh and 60-80 mesh samples from
Shaqu mine was 0.31 and 0.20, respectively. This suggests that methanogen migration is enhanced by the coals with both larger
particle size and lower rank. In order to further study its effect on pore structure, the micron X-CT method was used to analyze the
microscopic pore structure. The results show that the methanogen migration improved the coal porosity significantly, with a
maximum increase of 8.46% in total porosity and of 10.97% in open pore porosity. This research demonstrates that, given the
appropriate environmental conditions, the methanogens can actively migrate in coals and thereby improve coal porosity, which is
beneficial to increase CBM production by injecting microorganisms.
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1. Introduction

Biogenic methane is an important type of CBM
resource, because it normally forms after shallow
burial and has a low development cost. Consequently,
the research on the biogenic CBM has been ongoing
for many years. Since their geochemical
characteristics show that secondary biogas is present
in coalfields and basins around the world (Butland and
Moore, 2008; Green et al., 2008; Guo et al., 2012; Tao
et al., 2005) a number of researchers have investigated
the mechanisms and factors influencing its formation
in coal seams (Barnhart et al., 2013; Fang et al., 2015;
Flores et al., 2008; Jones et al., 2010; Klein et al.,

2008; Liu et al., 2019; Iulianelli et al., 2018; Midgley
et al., 2010; Orem et al., 2010; Rotaru et al., 2014,
Sapkal, 2018; Satish et al., 2011; Wang et al., 2014).
Several companies (e.g., Apex, Luca
Technologies Inc., Next Fuel, and Ciris Energy) have
performed field tests at different scales in production
wells using a microbially enhanced coalbed methane
(MECBM) technique (Ritter et al., 2015), which
involves injecting bacteria and nutrients into coal
seams, because the methanogens plays a role of
“eating” the coal as its metabolic substrate and the
nutrients help maintain the stable growth of
methanogens. However, the microorganisms in coal
seams may migrate along with underground water
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flows (Zou et al., 2010). This dynamic migration
behavior of methanogens is also of great significance
to biogas utilization in biological engineering.

In addition, the action of methanogens can
affect the porosity of coal. The porosity of coal seam
and the migration of methanogens may be a coupling
process. Therefore, the change of pore structure after
microbial action is also a beneficial exploration.
Although the migration of microorganisms in coal
could be important, the previous research on the
migration of microorganisms in coal is extremely
poor. Therefore, in an attempt to understand the
migration characteristics of methanogens in different
coals, several experiments have been carried out. The
change of the pore structures also observed in the coal
samples before and after microbiological treatment
using methanogens.

2. Material and methods
2.1. Coal samples and methanogens

Coal samples were collected respectively from
the mining faces of the Qiangiu coal mine in Henan
province and the Shaqu coal mine in Shanxi province
(Fig. 1), then proximate analysis was performed by
following ISO 17246 Standard. At the same time, the
vitrinite reflectance of the samples was measured
according to ISO 11760 Standard. The results are
shown in Table 1. Mine water samples were collected
from the mining faces of the two coal mines
mentioned above, sealed at 4°C, and enriched the
methanogens using a nutrient solution. The nutrient
solution is consisted of 1.0 g NH4Cl, 0.1 g
MgCl,-6H,0, 0.4 g K;HPO4:3H»0, 0.2 g KH,PO4, 0.2
g NaZS, 2.0 g NaHCO3, 0001g C12H7NO4, 0.5 g
C;H7NOsS, 2.0 g HCOONa, 2.0 g CH3COONa, 1.0 g
yeast and 0.1 g tryptone. The solution was mixed with
10 mL of trace element solution and 1,000 mL of coal
mine water, then placed in an anaerobic fermentation
device to culture the methanogens at 35°C for four
days. Trace element solution: 1000-mL distilled water
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was mixed with aminotriacetic acid 1.5 g,
MnSO4-2H,0 0.5 g, MgSO4-7H>0 3.0 g, FeSO4- 7H,O
0.1 g,NaCl 1 g, CoCl,'6H,0 0.1 g, CaCl,-2H,0 0.1 g,
CuS04-5H,0 0.01 g, ZnSO4-7H,0 0.1 g, H;BO3 0.01
g, AIK(SO4); 0.01 g, NiCl,-6H20 0.02 g, Na;MoO4
0.01 g.

2.2. Experimental setup

The methanogen migration experiment and
Micro-X-CT imaging experiment were set up,
respectively. The purpose of the methanogen
migration experiment was to observe the horizontal
migration characteristics of methanogens in the
experimental device, which is based on a homemade
diffusion device. And Micro-X-CT experiment was to
observe the change of pores in coal samples after
treatment of bacterial fluid.

2.2.1. Methanogen migration

The homemade diffusion device was shown in
Fig. 2. Pairs of glass boxes with dimensions of
200x%150%100 mm were constructed and connected
together using a 160-mm-long horizontal glass tube
with an internal diameter of 30 mm. Then, the
horizontal glass tube was filled with coal samples and
blocked both ends with strainers to prevent particle
leakage. The enriched bacterial liquid of 1000 mL was
put into the left glass box, and the same amount of
distilled water was put into the right glass box. The
100 g coal samples after sterilization were put into the
bacterial liquid and the distilled water, respectively.
Four identical devices were constructed and filled with
Qiangiu 18-35 mesh, Qiangiu 60-80 mesh, Shaqu 18-
35 mesh, and Shaqu 60-80 mesh coal samples in the
horizontal glass tube, respectively. The diffusion
device was filled with nitrogen to ensure the anaerobic
environment and put into a constant temperature
incubator at 35°C. Then the migration characteristics
of methanogens through the horizontal glass tube from
bacterial liquid to the distilled water were analyzed by
detecting the change of liquid absorbance.
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Fig. 1. The location of coal samples
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Table 1. Proximate analyses of coal samples

Source Mad/% Vdat/% Ad/% Ro,ran/%
Qiangiu mine 0.98 10.31 40.01 0.56
Shaqu mine 0.42 7.35 23.53 1.51

Abbreviations: M, moisture; ad, air dry basis; V, volatile matter; daf, dry and ash-free basis; A, ash yield; d, dry basis; Rora, random vitrinite
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Fig. 2. Experiment device of Methanogen migration

2.2.2. Micro-X-CT imaging

Coal samples were polished into pillarswith a
diameter of 6mm and a height of 10 mm, denoted as
Y-1 and Y-2 (Qiangiu), and S-1 and S-2 (Shaqu).
Then, Micro-CT imaging was used to observe the
pore structures from pillar samples. The Micro-X-CT
imaging process was repeated twice, firstly, after
treating the samples with deionized sterile water for 15
days and after treating them with bacterial liquid for
15 days.

2.3. Analytical instruments

The bacterial absorbance was measured with a
spectrophotometer (UV-5200; Shanghai Metash,
Shanghai, China) at wavelengths of 190-1,100 nm
with +0.8 nm wavelength accuracy, +0.2 nm
wavelength reproducibility, +0.3% T photometric
accuracy, and at most 0.1% T stray light.

In addition, the pore structure of the coal
samples were imaged using a p225kV Micro-CT
system (Institute of Applied Electronics, China
Academy of Engineering Physics, Mianyang, China),
equipped with X-ray and digital flat panel detectors.
The X-ray machine had a minimum focus size of 3 pm,
aray cone angle of 25°, a minimum focal length of up
to 4.5 mm, and a high-voltage range of 10-225 kV.
The flat panel detector had a 406 x 293 mm? imaging
window (i.e., 3,200 x 2,304 probes), and a frame rate
of 1-30 frames/s.

3. Results and discussion
3.1. Methanogen migration

The results show that, in each case, the
absorbance of the sterile water in the left glass box
gradually increased until day eight, indicating the
methanogens were migrating from right to left (Table
2). After day eight, the absorbance decreased

gradually, likely due to the fact that the sterile water
environment was not conducive for the methanogens
to survive. The fluctuations seen in the absorbance of
the bacterial liquid in the right glass box over the 15
days of this experiment may be due to the
methanogens growing and migrating to the left (Fig.
3). Because the the diffusion device was in a closed
environment, the change of liquid absorbance was
mainly caused by the growth and metabolism of
bacteria and the balance of left and right liquid. From
the observation of absorbance, it was not a typical
bacterial growth curve, so it was speculated that there
are diffusionaction.

Relative absorbance values also calculated
based on the ratio of the absorbance of the sterile water
on the left side to that of the bacterial liquid on the
right side (Fig. 4). The higher the relative absorbance,
the higher the migration efficiency. Comparing coal
samples with different particle sizes, the maximum
relative absorbance of the Qianqiu 18-35 mesh sample
was higher than that of its 60-80 mesh counterpart.
Likewise, the maximum relative absorbance of the
Shaqu 18-35 mesh sample was higher than that of the
60-80 mesh sample. Sharma et al. have proved that the
migration of microorganisms in porous media is
closely related to the pore size of soil (Sharma et al.,
1993).

Barton and Ford, (1995) found that with the
increase of sample size in the soil column, the speed
of microbial migration increased The results in this
work also suggest that larger coal particle sizes
significantly  increase = methanogen  migration
efficiency. Similarly, comparing samples from
different mines with similar particle sizes but different
coal ranks reveals that the maximum relative
absorbances of the Qiangiu 18-35 mesh and 60-80
mesh samples were both higher than those of their
Shaqu counterparts. These results suggest that
methanogen migration is much more efficient in low-
rank coals.
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Table 2. Absorbance after 15 days of migration

Time Qiangiu, 18-35 mesh Qiangiu, 60-80 mesh Shaqu, 18-35 mesh Shaqu, 60-80 mesh
(days) Bacterial|Sterile| Relative |Bacterial|Sterile| Relative |Bacterial|Sterile| Relative |Bacterial|Sterile| Relative
Y liquid | water |absorbance| liquid | water [absorbance| liquid |water|absorbance| liquid |water |absorbance
1 0.239 ]0.011 0.05 0.226 |0.021 0.09 0.324 10.021 0.06 0.395 10.030 0.08
2 0.215 |0.029 0.13 0.345 10.022 0.06 0.535 ]0.040 0.07 0.434 10.021 0.05
3 0.342 |0.142 0.42 0.328 |0.042 0.13 0.547 ]0.082 0.15 0.418 ]0.024 0.06
4 0.366 |0.210 0.57 0.316 |0.048 0.15 0.489 [0.103 0.21 0.496 10.022 0.04
5 0.337 |0.230 0.68 0.325 |0.104 0.32 0.502 |0.134 0.27 0.530 ]0.048 0.09
6 0.325 |0.210 0.65 0.375 |0.118 0.31 0.544 10.144 0.26 0.486 |0.082 0.17
7 0.371 |0.219 0.59 0.318 |0.124 0.39 0.560 |0.162 0.29 0.427 10.079 0.19
8 0.335 |0.190 0.57 0.309 |0.132 0.43 0.499 |0.154 0.31 0.391 ]0.052 0.13
9 0.349 |0.176 0.50 0.316 |0.126 0.40 0.572 ]0.153 0.27 0.387 |0.061 0.16
10 0.305 |0.128 0.42 0.267 |0.106 0.40 0.633 |0.123 0.19 0.388 ]0.051 0.13
11 0.387 |0.103 0.27 0.288 ]0.119 0.41 0.572 10.102 0.18 0.345 ]0.068 0.20
12 0.402 |0.067 0.17 0.213 ]0.092 0.43 0.403 |0.060 0.15 0.359 ]0.057 0.16
13 0.289 |0.059 0.20 0.269 |0.072 0.27 0.457 10.045 0.10 0.367 |0.075 0.20
14 0.392 |0.071 0.18 0.201 ]0.092 0.46 0.393 10.074 0.19 0.433 10.070 0.16
15 0.303 | 0.068 0.22 0.214 |0.064 0.30 0.349 10.060 0.17 0.409 ]0.049 0.12
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Fig. 3. Migration characteristics of methanogen (a) Qiangiu 18-35 mesh, (b) Qianqiu 60-80 mesh,
(c) Shaqu 18-35 mesh, and (d) Shaqu 60-80 mesh samples
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Fig. 4. Relative absorbance of the different coal samples
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There are two possible reasons: Firstly, the low
rank coal is more easily degraded and utilized by
methanogenes, so it is conducive for methanogen to
pass through the horizontal glass tube filled with low-
rank coal samples (Fallgren et al., 2013; Robbins et
al., 2016). Secondly, Qianqiu coal samples have
higher porosity, and the higher porosity, the more
conducive to the migration of methanogens.
Therefore, particle size and coal rank are two of the
key factors influencing migration efficiency. Coal
pillars filled with large particles are more permeable,
increasing their migration efficiency. Similarly,
methanogens are more active and thus migrate more
easily in low-rank coal.

3.2. Effect of migration on pore structure

A total of 1,500 image slices by Micro-CT
scanning generated, then evaluated them using Avizo
9.0 software (FEI Company, Hillsboro, Oregon,
USA). These were scanned at intervals of 3.89 pm in
the longitudinal direction, and we used slices 650-850
to reconstruct a three-dimensional visualization
model, namely a cube with dimensions of
200x200%200 pixels (i.e., 0.778%0.778x0.778 mm).
The three-dimensional pore distribution of the coal
sample was reconstructed using the two-dimensional

slice gray-scale image as the material and avizo 9.0.1
software (Fig. 5). The pore structure analysis results
are shown in Table 3.

These results show that the total porosities of
all the coal pillars increased when they were treated
with bacterial liquid rather than water (Fig. 5). In
particular, the porosities of samples Y-1 and Y-2
increased by 8.46% and 6.56%, respectively, which
are significantly greater than the increases seen in
samples S-1 (1.06%) and S-2 (1.77%). The results also
show that the porosity of the open pores in samples Y-
1 and Y-2 increased by 10.97% and 6.14%,
respectively, changes that are again greater than those
seen in samples S-1 (0.42%) and S-2 (1.39%). Taken
together, these results show that there were
significantly greater porosity increases in the coal
from the Qianqiu mine than in that from the Shaqu
mine (Table 3). When comparing coal samples of
similar rank, the ratio of the increase in total pore
porosity to that in the open pore porosity was higher
for sample Y-1 than for sample Y-2, but lower for
sample S-1 than for sample S-2. Because of the open
pore porosities of samples Y-1 and S-2 after treatment
with water were much higher than those of samples Y-
2 and S-1, respectively, the methanogens were able to
migrate more easily in samples Y-1 and S-2,
significantly expanding the pores.

Fig. 5. Three-dimensional reconstructions from Micro-CT images of different coal samples: (a) Y-1 treated with water, (b) Y-1
treated with bacterial liquid, (¢) Y-2 treated with water, (d) Y-2 treated with bacterial liquid, (e) S-1 treated with water, (f) S-1
treated with bacterial liquid, (g) S-2 treated with water, (h) S-2 treated with bacterial liquid

Table 3. Changes in coal sample porosity with treatment

sample Pretreatment thal Increasg in total Opeq pore Increase il’.l open pore
method porosity (%) porosity (%) porosity (%) porosity (%)
Y-l Bactc\giztlelriquid 154.712 8 134?063 1097
Y-2 Bact;VﬂZtlelriquid 152..9439 é(l)g 6.14
S-1 Bactgijltlelriquid i }é (1)22 0.42
S-2 Bact;VriZtlelriquid ‘5‘52 égg 139
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4. Conclusions

The results of this study reveal the migration
behavior of methanogens in coal samples: migration is
faster for larger coal particle sizes and lower-rank
coal. In addition, Micro-CT images show that
methanogen migration can increase the porosity,
improve the connectivity of pore structures, and
increase the permeability. Methanogen migration in
coal seams thus increases coal reservoir permeability
and vice versa, it is an aspect worthy of consideration
for CBM bioengineering in the future.

Acknowledgments

This study was funded by the National Science and
Technology Key Project “Optimization and Evaluation of
Blocks for Large-scale Development of Medium- and Low-
rank Coalbed Methane (CBM)” (Serial No.: 2016Z2X05041)
and PetroChina Major Science and Technology “Study and
Application of Key Technologies for Exploration and
Development of Coalbed Methane” (Serial No.: 2017E14).
Moreover, the authors are grateful to the editor and
anonymous reviewers of this paper.

References

Barnhart E.P., Leén K.B.D., Ramsay B.D., Cunningham
A.B., Fields M.W., (2013), Investigation of coal-
associated bacterial and archaeal populations from a
diffusive microbial sampler (DMS), International
Journal of Coal Geology, 115, 64-70.

Barton J.W., Ford R.M., (1995), Determination of effective
transport coefficients for bacterial migration in sand
columns, Applied and Environmental Microbiology,
61, 3329-3335.

Butland C.I., Moore T.A., (2008), Secondary biogenic coal
seam gas reservoirs in New Zealand, A preliminary
assessment of gas contents, International Journal of
Coal Geology, 76, 151-165.

Fallgren P.H., Jin S., Zeng C., Ren Z., Lu A., Colberg P.J.S.,
(2013), Comparison of coal rank for enhanced biogenic
natural gas production, International Journal of Coal
Geology, 115, 92-96.

Fang X.Y., Li J.B., Rui J.P., Li X.Z., (2015), Research
progress in biochemical pathways of methanogenesis,
Chinese Journal of Applied and Environmental
Biology, 21, 1-9.

Flores R.M., Rice C.A., Stricker G.D., Warden A., Ellis
M.S., (2008), Methanogenic pathways of coal-bed gas
in the Powder River Basin, United States: The geologic
factor, International Journal of Coal Geology, 76, 52-
75.

Green M.S., Flanegan K.C., Gilcrease P.C., (2008),
Characterization of a methanogenic consortium
enriched from a coalbed methane well in the Powder
River Basin, U.S.A, International Journal of Coal
Geology, 76, 34-45.

Guo H.G,, Liu R.Y., Yu Z.S., Zhang H.X., Yun J.L., Li
Y.M,, Liu X., Pan J.G., (2012), Pyrosequencing reveals
the dominance of methylotrophic methanogenesis in a
coal bed methane reservoir associated with Eastern
Ordos Basin in China, International Journal of Coal
Geology, 93, 56-61.

Iulianelli A., Huang Y., Basile A., (2018), A thin supported
Pd-Au based membrane for hydrogen generation and
purification: A case study, Mathematical Modelling of

1130

Engineering Problems, 5, 313-316.

Jones E.J.P., Voytek M.A., Corum M.D., Orem W.H.,
(2010), Stimulation of methane generation from
nonproductive coal by addition of nutrients or a
microbial consortium, Applied and Environmental
Microbiology, 76, 7013-7022.

Klein D.A., Flores R.M., Venot C., Gabbert K., Schmidt R.,
Stricker G.D., Pruden A., Kevin M., (2008), Molecular
sequences derived from Paleocene Fort Union
Formation coals vs. associated produced waters,
Implications for CBM regeneration, International
Journal of Coal Geology, 76, 3-13.

Liu HJ., Liu Z.G., Chen N., (2019), Kinetics analysis on
chemical reactions of hydrocarbon fuel based on
computer simulation, International Journal of Heat and
Technology, 37, 117-122.

Midgley D.J., Hendry P., Pinetown K.L., Fuentes D., Gong
S., Mitchell D.L., Faiz M., (2010), Characterisation of
a microbial community associated with a deep, coal
seam methane reservoir in the Gippsland Basin,
Australia, International Journal of Coal Geology, 82,
232-239.

Orem W.H., Voytek M.A., Jones E.J., Lerch H.E., Bates
A.L., Corum M.D., Warwick P.D., Clark A.C., (2010),
Organic intermediates in the anaerobic biodegradation
of coal to methane under laboratory conditions,
Organic Geochemistry, 41, 997-1000.

Ritter D., Vinson D., Barnhart E., Akob D.M., Fields M.W.,
Cunningham A.B., Orem W., Mclntosh J.C., (2015),
Enhanced microbial coalbed methane generation, A
review of research, commercial activity, and remaining
challenges, International Journal of Coal Geology,
146, 28-41.

Robbins S.J., Evans P.N., Esterle J.S., Golding S.D., Tyson
G.W., (2016), The effect of coal rank on biogenic
methane potential and microbial composition,
International Journal of Coal Geology, 154, 205-212.

Rotaru A.E., Shrestha P.M., Liu F., Shrestha M., Shrestha
D., Embree M., Zengler K., Wardman C., Nevin K.P.,
Lovley D.R., (2014), A new model for electron flow
during anaerobic digestion, direct interspecies electron
transfer to Methanosaeta for the reduction of carbon
dioxide to methane, Energy and Environmental
Science, 7, 408-415.

Sapkal N.P., (2018), Role of chemiluminescence and radius
of curvature in the stabilization of methane/helium
lifted flames, International Journal of Heat and
Technology, 36, 1249-1255.

Satish K.V., Ferry J.G., Maranas C.D., (2011), Metabolic
reconstruction of the archacon methanogen
Methanosarcina Acetivorans, BMC systems biology, 5,
28.

Sharma P.K., Mcinerney M.J., Knapp R.M., (1993), In situ
growth and activity and modes of penetration of
Escherichia coli in unconsolidated porous materials,
Applied and Environmental Microbiology, 59, 3686-
3694.

Tao M.X., Wang W.C., Xie G.X., Li J.Y., Wang Y.L,
Zhang X.J., Zhang H., Shi B.J., Gao B., (2005),
Secondary biogenic coalbed gas in some coal fields of
China, Chinese Science Bulletin, 50, 24-29.

Wang B.Y., Liu JM., Han Z.Y., Liu J., Hu B., (2014),
Recent progress and classification of methanogens,
Genomics and Applied Biology, 33, 418-425.

Zou S.Z., Deng Z.P., Liang B., Xia R.Y., Tang J.S., (2010),
The mechanism of microbe transport in karst aquifer
systems, Environmental Pollution and Control, 32, 1-4




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


