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Abstract

The aim of this study was to investigate the effectiveness of dried activated sludge (DAS) and mixed dried activated
sludge with rice husk silica (DAS & RHS) for removal of hydrogen sulfide (H2S). Two laboratory-scale filter columns (packed
one litter) were operated. Both systems were operated under different conditions of two parameters, namely different
inlet gas concentrations and different inlet flow rates. The DAS & RHS packed filter showed more than 99.96% removal
efficiency (RE) with empty bed residence time (EBRT) of 45 to 90 s and 300 mg/L inlet concentration of H2S. However, the
RE decreased to 96.87% with the EBRT of 30 s. In the same condition, the DAS packed filter showed 99.37% RE.
Nonetheless, the RE was shown to have dropped to 82.09% with the EBRT of 30 s. The maximum elimination capacity
(EC) was obtained in the DAS & RHS packed filter up to 52.32 g/m3h, with the RE of 96.87% and H2S mass loading rate of
54 g/m3h. The maximum EC in the DAS packed filter was obtained up to 44.33 g/m3h with the RE of 82.09% and the H2S
mass loading rate of 54 g/m3h. After 53 days of operating time and 54 g/m3h of loading rates, the maximum pressure
drop reached to 3.0 and 8.0 (mm H2O) for the DAS & RHS packed and DAS packed filters, respectively. Based on the
findings of this study, the DAS & RHS could be considered as a more suitable packing material to remove H2S.
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Pressure drop
Introduction
Waste gases containing reduced sulphur compounds,
such as hydrogen sulfide (H2S), dimethyl sulphide
(Me2S) and methyl mercaptan (MeSH), have an unpleas-
ant odour even at extremely low concentrations [1]. H2S
is irritating, smelly substance with very low odour
threshold number up to 1.1 parts per billion [2]. This
unwanted pollutant is emitted into the atmosphere from
different industrial processes including leather manufac-
turing, food processing, livestock farming and wastewa-
ter treatment processes [3]. Commonly used processes
of H2S treatment include chemical and physico-chemical
methods. However, these methods have high operating
costs and produce chemical waste by-products that must
be disposed [4]. The application of biofiltration systems
are more attractive because they are inexpensive and
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cause no environmental pollution [5-7]. Lately, the influ-
ence of even low concentrations of air pollutants on hu-
man health has re-emerged as an important scientific
issue. Several studies have linked various acute and
chronic health impacts to air pollution [8]. It is important
to note that biological treatment system is one of the earli-
est biological processes which has been developed for the
elimination of gaseous compounds and used for odor re-
moval in the wastewater treatment industry. At present,
the biological treatment system is becoming more popular
because it is a green technology which does not use
chemicals and also does not produce wastes which are po-
tentially dangerous for the environment. This process is
essentially based on the ability of micro-organisms to
transform both organic and inorganic pollutants into less
toxic and odorless compounds [9].
The main goal of this study was to investigate the re-

moval efficiency of hydrogen sulphide using two packing
materials, namely dried activated sludge and mixed dried
activated sludge with rice husk silica. Moreover,
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Table 1 Some of the important characteristics of dried
activated sludge and rice husk silica used in this study

Dried activated sludge Rice husk silica

Properties Unit Value Properties Unit Value

Particles
size:

(Weight %) Physical
properties:

< 2 mm 0 Density (g/L) 52

2-4 mm 22 Surface area (m2/g) 226.3

4-6 mm 24 Median pore
radius

(nm) 2.3747

6-8 mm 21 Cumulative
pore volume

(cm3/g) 0.3078

8-15 mm 33 Chemical
composition:

(%)

>15 mm 0 SiO2 97.35

Density 634 SO3 1.66

Analysis
of elements:

(%) K2O 0.43

C 3.56 Analysis
of elements:

(%)

H 6.98 C 0.05 ±0.01

N 0.45 H 0.27 ±0.01

S 0.043 N 0.36 ±
0.05
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elimination capacity and pressure drop versus operating
time, different empty bed residence time (EBRT) and dif-
ferent inlet concentration of H2S was investigated.

Materials and methods
Characterization of the packing materials
Dried activated sludge and mixed rice husk silica with
dried activated sludge were used as packing material for
removal of H2S. Dried activated sludge with mixed mi-
crobial culture was collected from a sewage treatment
plant (Putrajaya STP 2) in Malaysia. Rice husk silica was
prepared according to Jamwal and Mantri’smethod. First
of all, the rice husk was washed with tap water to clean
the dirt. Then the washed rice husk was dried in an oven
at 110°C for 24 h. The washed and dried rice husk was
then subjected to acid leaching. This was done by reflux
in 3% (v/v) hydrochloridric acid (HCL) and 10% (v/v)
sulphuric acid (H2SO4) for two h, at a ratio of 50 g
husk/L. Then, the rice husk was washed with distilled
water and then dried in an air oven at 100°C for four h.
After all, the cleaned husk was burned inside a muffle
furnace at temperature of 800°C in a porcelain crucible
for four h in static air [10]. Meanwhile, rice husk silica
was mixed with dried activated sludge (50–50 volume)
and used in the filter as packing material. Some of the
important characteristics of the rice husk silica and the
dried activated sludge are listed in the Table 1.

Filters operation
This research was a lab-scale study that was carried out
in the laboratory at the Faculty of Environmental Studies
at University Putra Malaysia. The flow diagram of this
pilot is shown as a schematic diagram in Figure 1. Two
filters were constructed using PVC cylinder with 50 cm
in height and 7.5 cm in diameter (packed one liter). H2S
gas cylinder with 4000 mg/L and 150 bars inside pres-
sure was used. An air pump has been used to oxygen
supply for aerobic bacteria in the filters and for dilution
with gas to produce different concentration of H2S in
mixing chamber. This study was carried out in two
stages. In the first stage, the system was operated with
varying inlet concentrations of H2S and a constant flow
rate of 1.0 L/m. According to the study by Jeong et al. in
order to adapt the micro-organisms in the filters, the
tested H2S gas was introduced in the filters at low con-
centration of 10 mg/L for one week. After the adaptation
period, H2S concentration at the inlet was increased in
weekly increments [11], and this was from 10 mg/L to a
final concentration of 300 mg/L (10, 50, 100 and 300
mg/L). In the second stage, the system was operated
with varying flow rates (based on the different EBRT be-
tween 30 and 90 s (30, 45, 60, 75, 90 and 90 s) and a
constant inlet concentration of 300 mg/L. Two filters
were operated at the temperature of 25 ± 2°C.
Data analysis and performance of the filters
In this study, inlet and outlet concentration of H2S of
each filter were measured every day using hydrogen sul-
fide detector model ppb RAE 3000, U.S.A. removal effi-
ciency (RE), elimination capacity (EC) of H2S and
pressure drop (mm H2O) were used as indicators of the
performance of filters as stated below:

RE %½ � ¼ CGi–CGoð Þ=CGi � 100 ð1Þ
EC g=m3h

� � ¼ CGi–CGoð Þ �Q=Vf ð2Þ
Where Q is the gas flow rate (m3/h), Vf is the volume

of the filter bed (m3), CGi and CGo are the inlet and out-
let hydrogen sulfide concentration (mg/L) [12-15]. In
the Faculty of Chemistry University Putra Malaysia the
chemical analysis including analysis of elements (CHNS)
and chemical composition was carried out. Moreover,
Brunauer-Emmett-Teller (BET) specific surface area was
performed by using a ThermoFinnigan Sorptomatic ap-
paratus using nitrogen adsorption at −196°C for rice
husk silica.

Results
In the first stage, the systems were operated with a low
inlet concentration of H2S (10 mg/L). After five days of
operating time, the removal efficiency of both packed fil-
ters reached the maximum amount of 100% (note that



Figure 1 The schematic flow diagram of the pilot.
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the adaptation period was five days). After adaptation
period, removal efficiency with different inlet concentra-
tion of H2S from 10 to 300 mg/L in the dried activated
sludge packed and the mixed rice husk silica and dried
activated sludge packed filter was greater than 99.02%
and 99.26%, respectively. Figure 2 shows the results of
average removal efficiency (RE%) in the filters with a
fixed flow rate (1.0 L/min) and different inlet concentra-
tion of H2S (10–300 mg/L) that increased weekly.
The results for the removal efficiency (%) versus differ-

ent empty bed residence times (EBRT) and different
mass loading rates in the filters are shown in Figure 3.
The maximum elimination capacity (EC) was obtained

in the filter packed with mixed rice husk silica with dried
activated sludge up to 26.98 g/m3h, with the RE of
99.94% and H2S mass loading rate of 27 g/m3h. The
Figure 2 Removal efficiency of H2S vs. operating time and different in
the filters.
dried activated sludge packed filter showed the max-
imum EC up to 26.84 g/m3h with the RE of 99.51%
and H2S mass loading rate of 27 g/m3h. The results
gathered for the EC versus operating time and the
different inlet concentrations of H2S in the filters are
shown in Figure 4.
The results for the elimination capacity (g/m3h) ver-

sus different empty bed residence times (EBRT) and
different mass loading rates in the filters are shown
in Figure 5.
In the first stage of this study, the pressure drop in the

filters was measured versus operating time and different
inlet concentrations of H2S. Nevertheless, the pressure
drop was in undetectable amounts in the two filters
at the beginning of the operating time. After 28 days
of operating time, as well as with the EBRT of 60 s
let concentrations of 10–300 mg/L and fixed EBRT of 60 s in



Figure 3 Removal efficiency (%) vs. different EBRT (s) with different H2S mass loading rates (g/m3h) in the filters.
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and different inlet concentrations of H2S (from 10 to
300 mg/L), the pressure drop was found to have
increased to 2.0 and 1.0 (mm H2O) in the dried
activated sludge packed filter and the mixed rice
husk silica with dried activated sludge packed filters,
respectively. Figure 6 shows the amount of pressure
drop changes versus operating time and different inlet
concentrations of H2S in the filters.
In the second stage of this study, the amount of

changes in the pressure drop (mm H2O) versus operat-
ing time (day) and different mass loading rates (g/m3h)
were measured and the results are shown in Figure 7.

Discussion
The mixed rice husk silica with dried activated sludge
packed filter showed greater than 99.96% removal
Figure 4 Elimination capacity (g/m3h) vs. operating time (day) and di
the filters.
efficiency (RE) with the EBRT of 45 to 90 s and 300 mg/L
inlet concentrations of H2S. However, its RE was found to
have decreased to 96.87% with the EBRT of 30 s. The
dried activated sludge packed filter showed 99.37% of RE
in the same condition. The RE, nevertheless, dropped to
82.09% with the EBRT of 30 s. Masoudinejad et al.
reported 90% of RE with an inlet H2S concentration up to
93.34 mg/L, after three weeks of operating system. They
used Thiobacillus thioparus on the seashell bed biofilter
[16]. Meanwhile, Lee et al. achieved stable RE of over
99%, with the EBRT ranging from 8.2 to 60 s at the
250 mg/L of H2S inlet concentration. They also found
that the RE was reduced by about 10 percent when
the retention time was reduced to 5.5 s. In their
study, they used a biofilter packed with scoria, and
inoculated with Bacillus sp. as H2S oxidizer [17].
fferent loading rates (g/m3h) at a constant EBRT of 60 s in



Figure 5 Elimination capacity (g/m3h) vs. different EBRT (s) and different H2S mass loading rates (g/m3h) in the filters.

Figure 6 The changes in pressure drop (mm H2O) vs. operating time (day) and different inlet concentration of H2S (ppm) in the filter.

Figure 7 The pressure drop changes (mm H2O) vs. operating time (day) and different loading rate (g/m3h) in the filters.
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The maximum EC was obtained in the mixed rice
husk silica with dried activated sludge packed filter up to
52.32 (g/m3h) with the RE of 96.87% and the H2S mass
loading rate of 54 (g/m3h). At the RE greater than
99.96%, however, the maximum EC was 26.99 (g/m3h)
with H2S mass loading rate of 27 (g/m3h). The max-
imum EC in the dried activated sludge packed filter was
obtained up to 44.33 (g/m3h) with the RE of 82.09% and
H2S mass loading rate of 54 (g/m3h). Roshani et al.
reported the maximum EC of about 22 g-S/m3 h for the
biofilter during the operating time with the maximum
inlet H2S concentration of 265 mg/L [18]. Meanwhile,
Kim et al. recorded the maximum EC of 8 g H2S g/m3h
at a loading rate of 13 g H2S g/m3h. In their study, they
used a bio filter packed with biomedia, encapsulated by
sodium alginate and polyvinyl alcohol (PVA) [19].
Ramirez et al. obtained a critical EC of 14.9 g/m3h with
the RE of 99.8%. However, they found the maximum EC
of 55.0 g/m3h with the RE of 79.8% and the EBRT of
150 s. The researchers also investigated the removal of
H2S using immobilized Thiobacillus thioparus in a
biotrickling filter packed with polyurethane foam [20].
In the mixed rice husk silica with dried activated sludge

packed filter, the maximum pressure drop reached 3.0
mm H2O after 53 days of operating time and 54 g/m3h of
mass loading rates. The maximum pressure drop in the
dried activated sludge packed filter reached up to 8.0 mm
H2O in the same condition. McNevin and Barford
reported an increasing pressure drop from less than 500
to greater than 2500 pa after 3 months of continuous op-
erating time [21]. Meanwhile, the maximum pressure drop
of 18 mm H2O was reported in the study by Roshani et al.
who evaluated the performance of biofiltration in the re-
moval of H2S from gas stream [18].

Conclusion
Higher performance (higher removal efficiency, higher
elimination capacity, and lower pressure drop) was
obtained in the filter packed with mixed rice husk silica
and dried activated sludge. Therefore, based on the re-
sults of this study, mixed rice husk silica with dried acti-
vated sludge could be considered as more suitable
packing material for removal of hydrogen sulfide.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
The overall implementations of this study were the results of efforts by
corresponding author. All authors have made contribution into the review
and finalization of this manuscript. All authors read and approved the final
manuscript.

Acknowledgements
This research was financially supported by Research University Grant (RUGs)
in University Putra Malaysia (UPM) through Project No: 91806. Therefore, the
authors would like to acknowledge the University Putra Malaysia (UPM) for
the research funding.

Author details
1Department of Environmental Health, Damghan Faculty of Health, Semnan
University of Medical Sciences, Semnan, Iran. 2Department of Environmental
Sciences, Environmental Studies Faculty, University Putra Malaysia, 43400,
Serdang, Selangor Darul Ehsan, Malaysia. 3Department of Environmental
Health Engineering, Tabriz University of Medical Sciences, Tabriz, Iran.

Received: 19 July 2012 Accepted: 6 March 2013
Published: 12 March 2013
References
1. Hartikainen T, Martikainen PJ, Olkkonen M, Ruuskanen J: Peat biofilters in

long-term experiments for removing odorous sulphur compounds.
Water Air Soil Pollut 2000, 133:335–348.

2. Chung YC, Huang C, Tseng CP: Biological elimination of H2S and NH3

from waste gases by biofilter packed with immobilized heterotrophic
bacteria. Chemosphere 2001, 43(8):1043–1050.

3. Malhautier L, Gracian C, Roux JC, Fanlo JL, Le Cloirec P: Biological
treatment process of air loaded with an ammonia and hydrogen sulfide
mixture. Chemosphere 2003, 50(1):145–153.

4. Deng L, Chen H, Chen Z, Liu Y, Pu X, Song L: Process of simultaneous
hydrogen sulfide removal from biogas and nitrogen removal from swine
wastewater. Bioresour Technol 2009, 100(23):1–9.

5. Hirai M, Kamamoto M, Yani M, Shoda M: Comparison of the biological H2S
removal characteristics among four inorganic packing materials. J Biosci
Bioeng 2001, 91(4):396–402.

6. Elias A, Barona A, Arreguy A, Rios J, Aranguiz I, Penas J: Evaluation of a
packing material for the biodegradation of H2S and product analysis.
Process Biochem 2002, 37:813–820.

7. Oyarzun P, Arancibia F, Canales C, Aroca GE: Biofiltration of high
concentration of hydrogen sulphide using Thiobacillus thioparus.
Process Biochem 2003, 39(2):165–170.

8. Ballesta PP, Field RA, Fernadez PR, Galln-Madruga D, Connolly R, Baeza CA:
An approach for the evaluation of exposure patterns of urban
populations to air pollution. Atmos Environ 2008, 42(21):5350–5364.

9. Hort C, Gracy S, Platel V, Moynault L: Evaluation of sewage sludge and yard
waste compost as a biofilter media for the removal of ammonia and
volatile organic sulfur compounds (VOSCs). Chem Eng J 2009, 152:44–53.

10. Jamwal RS, Mantri S: Utilization of rice husk for derivation chemicals. Nandini
Consultancy, Global Information Source for Chemical, Pharmaceutical and
Allied Industries.. Available from: http://www.nandinichemical.com/
2007febjournal.html.

11. Jeong GT, Lee GY, Cha JM, Park DH: Comparison of packing materials in
biofilter system for the biological removal of hydrogen sulfide: polypropylene
fibrils and volcanic stone. Korean J Chem Eng 2008, 25(1):118–123.

12. Mehdinia SM, Abdul Latif P, Makmom Abdullah A, Taghipour H: Synthesize
and characterization of rice husk silica to remove the hydrogen sulfide
through the physical filtration system. Asian J Sci Res 2011, 4(3):246–254.

13. Taghipour H, Shahmansoury MR, Bina B, Movahdian H: Comparison of the
biological NH3 removal characteristics of a three stage biofilter with a
one stage biofilter. Int J Environ Sci Technol 2006, 3(4):417–424.

14. Kun E: Development of a Foamed Emulsion Bioreactor for Air Pollution Control.
USA: Ph.D Thesis in Chemical and Environmental Engineering, University of
California Reverside; 2005.

15. Moosavi GR, Naddafi K, Mesdaghinia A, Vaezi F, Mahmoudi M: H2S Removal
in an Oxidative Packed Bed Scrubber Using Different Chemical Oxidants.
J. Applied Sci 2005, 5(4):651–654.

16. Massoudinejad MR, Manshouri M, Khatibi M, Adibzadeh A, Amini H:
Hydrogen sulfide removal by Thiobacillus thioparus bacteria on seashell
bed biofilters. Pak J Biol Sci 2008, 11(6):920–924.

17. Lee EY, Cho KS, Ryu HW: Simultaneous removal of H2S and NH3 in
biofilter inoculated with Acidithiobacillus thiooxidans TAS. J Biosci Bioeng
2001, 99(6):611–615.

18. Roshani B, Torkian A, Dehghanzaheh R, Shahmansori MR: Performance
evaluation of biofiltration in the removal of hydrogen sulfide from gas
flue. In Proc. of the International Congress on Biotechniques for Air Pollution
Control. Edited by Roshani B, et al. Spain: La Coruna; 2005:118–127.

http://www.nandinichemical.com/2007febjournal.html
http://www.nandinichemical.com/2007febjournal.html


Mehdinia et al. Iranian Journal of Environmental Health Sciences & Engineering 2013, 10:22 Page 7 of 7
http://www.ijehse.com/content/10/1/22
19. Kim JH, Rene ER, Park HS: Biological oxidation of hydrogen sulfide under
steady and transient state conditions in an immobilized cell biofilter.
Bioresour Technol 2008, 99(3):583–588.

20. Ramirez M, Gomez JM, Aroca G, Cantero D: Removal of hydrogen sulfide
by immobilized Thiobacillus thioparus in a biotrickling filter packed with
polyurethane foam. Bioresour Technol 2009, 100:4989–4995.

21. McNevin D, Barford J: Biofiltration as an odour abatement strategy.
Biochem Eng J 2000, 5:231–242.

doi:10.1186/1735-2746-10-22
Cite this article as: Mehdinia et al.: A comparative evaluation of dried
activated sludge and mixed dried activated sludge with rice husk silica
to remove hydrogen sulfide. Iranian Journal of Environmental Health
Sciences & Engineering 2013 10:22.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Introduction
	Materials and methods
	Characterization of the packing materials
	Filters operation
	Data analysis and performance of the filters

	Results
	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice




