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Abstract Pyridine and pyridine based products are
of major concern as environmental pollutants due to
their recalcitrant, persistent, toxic and teratogenic
nature. In this study, we describe biodegradation of
pyridine by an isolated consortium/strain under aer-
obic condition. Batch experiment results reveal that at
lower initial pyridine concentrations (1-20 mg 171,
almost complete degradation was observed whereas at
higher concentration (30-50 mg 17'), the degradation
efficiency was dropped significantly. This may be due
to inhibitory effect of pyridine at higher concentra-
tions. The value of decay and yield coefficient was
also determined. Furthermore, the bio-augmentation
of isolated consortium/strain into the activated sludge
consortium in different quantity has been also done
and the effect of bio-augmentation on degradation has
been studied. The results reveal that as the quantity of
bio-augmentation increases, the degradation of pyri-
dine increases. At 25% bio-augmentation, complete
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degradation of 20 mg 1" of pyridine can be achieved
within 96 h of incubation. Thus, the study concluded
that the bio-augmentation of the isolated consortium/
strain into the sludge enhances the pyridine degrada-
tion efficiency of the biomass.
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Introduction

The rapid expansion and increasing sophistication of
the chemical industries in the past century and
particularly over the last 30 years has meant that
there has been increasing amount of complexity of
toxic waste effluents. Xenobiotic compounds are
generally man made synthetic aromatic compounds
having a persistent toxic nature and are characteris-
tically difficult to degrade in the environment.
Biological degradation of xenobiotic compounds is
considered to be one of the challenging tasks.
Biological degradation unlike physicochemical meth-
ods is a natural process in which microorganisms
make use of organic pollutants present for its growth
and other cellular processes.

Aromatic heterocyclic compounds are of major
concern as environmental pollutants due to their
recalcitrant, persistent, toxic, and teratogenic nature.
Heterocyclic compounds are generated by many
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industries. Most of these chemicals are toxic to
human health (Sims and O’Loughlin 1989; Liu et al.
1998; Padoley et al. 2006; Mudliar et al. 2008).
Pyridine, one of the important N-heterocyclic com-
pounds, occurs in the environment as a result of oil
shale retorting, coal gasification, and pesticide use
(Sims and Sommers 1985; Stuermer et al. 1982; Liu
et al. 1998) and has potential application in manu-
facturing of dyes, explosives, pesticides, and
pharmaceuticals (Kaiser et al. 1996; Liu et al. 1998).

The presence of pyridine in the environment
creates severe health hazards because pyridine is
toxic, teratogenic, and at higher concentration results
in weakness and ataxia (Browning 1965; Padoley
et al. 2006; Mudliar et al. 2008). The amounts of
pyridine bases produced worldwide were estimated
as: pyridine-26,000 t/year, 2-methylpyridine-8,000 t/
year, 3-methyl pyridine- 9,000 t/year, 4-methylpyri-
dine'500 t/year), 5-ethyl-2-methylpyridine- 8,000 t/
year (Shimizu et al. 1993). Thus the production of the
pyridine based compound in large quantity is severe
concern for the environmentalist. Hence, there is an
urgent need to develop a bioremediation system for
the remediation of pyridine based compounds from
environment.

Various physico-chemical methods such as
adsorption, chemical oxidation or incineration are
available for the treatment of waste emissions
containing pyridine and its derivatives (Devinny
et al. 1999). However, these processes are energy
intensive, require high capital and operating costs and
also generate secondary waste streams (Mudliar et al.
2008). Alternatively, biological treatment methods
can provide a better option in view of their low
capital and operating cost and the treatment results in
formation of innocuous products.

Various studies showed that microbes under
aerobic and anaerobic conditions are able to utilize
pyridine and its derivatives (Gupta and Shukla 1975;
Sims and O’Loughlin 1989; Kaiser et al. 1996;
Fetzner et al. 1998; Leenheer and Stuber 1981;
Mohan et al. 2003; Mudliar et al. 2008).

But for designing a system for bioremediation of
pyridine using an isolated strain, the studies on
applicability of the isolated consortium/strain into the
activated sludge should be tested but unfortunately,
there is not much study related with the bio-
agumentation of isolated consortium/strain into the
activated sludge. Hence, in this study, we describe the
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biodegradation of pyridine by the isolated consor-
tium/strain and its applicability in the activated
sludge for the treatment of pyridine containing
wastewater. The bio-augmentation of isolated con-
sortium/strain into the activated sludge consortium in
different quantity has been done and the effect of bio-
augmentation on degradation has also been studied.

Materials and methods
Microorganism/consortium

The pyridine degrading microorganism/consortium
has been isolated from pesticide contaminated dump-
site and was maintained on the plates containing
pyridine as sole carbon source by periodic sub-
culturing. The culture was stored at 4°C.

Media and conditions

The minimal mineral media used for the study was
composed of (mg per liters of deionized water)
KH,PO,-175, K,HPO,4-570, Na,HPO,4-668,
NaHCO;-20, NH4NO;-185.5, and MgS0O,4-225 in
the media. Media was sterilized by autoclaving at
121°C and 15 1b/in” for 20 min. All components were
autoclaved separately to avoid formation of precip-
itate. After cooling, the solutions were mixed under
sterile conditions. The study was conducted at 30°C
in an incubator with shaking at 50 rpm.

Batch studies on biodegradation of pyridine
using isolated consortium/strain

In this study, the whole cells were used as enzyme
system for pyridine degradation. The cell biomass
was obtained by growing the bacterial culture in the
incubator at 30°C. The culture was grown for fifteen
days in minimal mineral media supplemented with
addition of 10 mg 1~ of pyridine everyday. The cells
were harvested at 4°C by centrifugation, suspended
with minimal mineral media and pyridine of concen-
trations 1, 2, 5, 10, 20, 30, 40, and 50 mg 1"' in
different flasks for biokinetic study. The samples at
particular time interval were withdrawn and analyzed
for the bacterial growth via optical density (O.D) and
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mixed liquor volatile suspended solids (MLVSS) and
pyridine degradation via colorimetric method (Mohan
et al. 2003). The control experiments was carried out
using autoclaved biomass at all initial concentrations
to determine the loss in the pyridine concentration
due to bio-sorption and also the control experiment
without the biomass was performed to determine any
type of abiotic degradation.

Batch studies on effect of bio-augmentation
of isolated consortium/strain into the activated
sludge biomass on pyridine degradation efficiency

In the study, the isolated consortium/strain is bioag-
umented with the biomass of activated sludge
(procured from an activated sludge plant treating
wastewater from pharmaceutical industry) in different
quantity and the effect of bio-augmentation on
degradation was studied. The studies were done with
addition of different quantity of isolated consortium/
strain to the biomass, ranging from 0 to 25% (by wt.).
The study was conducted such that the overall
biomass quantity remains same in the system. The
study was carried out at an initial pyridine concentra-
tion of 20 mg 17'. To determine the effect of bio-
augmentation on pyridine degradation, the pyridine
concentration was analyzed at different time intervals.

Analytical methods

Liquid sample for chemical analysis were taken with
sterile pipette for analysis of substrate, the samples
were centrifuged and the supernatant was stored at 4°C
until analyzed. Cell growth was monitored by measur-
ing the OD of the culture broth samples at 620 nm and
MLVSS as per APHA (1998). The pyridine present in
the aqueous phase was monitored colorimetrically at
450 nm as mentioned by Mohan et al. (2003).

Results and discussions
Enrichment and isolation
During the acclimatization process certain enzymes

in the bacteria are induced so that they are available
for taking part in metabolism reaction. This is much

more important when dealing with toxic compounds
such as pyridine, and these too at high concentrations.
In this study, it was envisaged to degrade pyridine
using an isolated bacterial consortium/strain at the
initial pyridine concentration up to 50 mg 1='. To
initiate the acclimatization procedure 5 mg1~' of
pyridine as carbon source along with the media
described earlier was used for growth.

After 48 h significant growth was observed; the
media turned milky. Then, 10 mg 1™' of pyridine
from stock solution was added. Thereafter, 10 mg 1™
of pyridine was added periodically after 24 h along
with media. After continuous addition of pyridine for
about 2 weeks, more than 99% degradation was
observed. Before starting the kinetics studies, a last
enrichment was done by growing this acclimatized
culture on 25 mg 17! concentration of pyridine.

Morphological and bio-chemical characteristics
of isolated consortium/strain

The isolate showed fluorescent pigmented colonies
and was found out to be gram negative. The detailed
rapid biochemical test (Otto and Pickett 1976) were
performed and it was found that the isolate showed
positive tests for Citrate, Lactate, Malonate, Fructose,
D-Glucose, Acetamide, Cellobiose, Butyrate, Propi-
onate, Glutamine, Galactose, Glycerol, Betaine, D-
Ribose, and D-Mannose. The isolate showed negative
test for the Nicotinate, Tartrate, Nicotinamide, m-
Inositol, Sorbitol, Phenylalanine, and Sucrose.

Effect of initial concentration of pyridine
on the degradation efficiency of isolated
consortium/strain

Various researchers reported that batch tests need to
be design with appropriate biomass and substrate
concentrations for analyzing the abilities of the
bacterial strains for the biodegradation (Bielefeldt
and Stensel 1999). Hence batch flask experiments
were conducted to examine the effect of various initial
concentration of pyridine on pyridine degradation
efficiency by isolated consortia/strain. The measure-
ments of substrate concentration and bacterial growth
were followed till the substrate concentration became
steady. The initial concentration of pyridine was
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varied in the range between 1 and 50 mg 17'. The
control experiments was carried out using autoclaved
biomass at all initial concentrations to determine the
loss in the pyridine concentration due to biosorption
and also the control experiment without the biomass
was performed to determine, if any other type of
abiotic degradation is occurring or not.

Figure 1 shows the bacterial growth and substrate
degradation pattern with respect to time at initial
pyridine concentration of 10 mg 17", It can be seen
from Fig. 1 thatthe cell density increases with decrease
in the substrate concentration. Almost similar pattern
was also observed at other initial concentrations.

The degradation of pyridine was observed more
than 99% at initial pyridine concentrations between 1
and 20 mg 17" and about 52% at initial pyridine
concentration of 50 mg 17, after 96 h of incubation.
However, no significant removal in pyridine was
observed in the control flask containing autoclaved
biomass. The removal due to biosorption was about 1—
3% at different initial pyridine concentrations. About
1-3% pyridine removal was observed due to abiotic
activities in the other control flask without biomass.
Hence from both control experiment data it can be
concluded that about 1-3% pyridine was lost due to
volatilization and biosorption was negligible as the loss
in pyridine concentration in the control flask contain-
ing autoclaved biomass is same as volatilization.

Figure 2 shows the degradation pattern of the
pyridine with time for different initial pyridine concen-
trations. Results of these studies show that the higher the
concentration of the pyridine above a critical initial
pyridine concentration (20 mg 17"), the lesser the
degradation, may be due to inhibitory effect at higher
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Fig. 1 Bacterial growth and substrate degradation pattern with
respect to time at initial pyridine concentration of 10 mg 17"
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Fig. 2 Effect of initial pyridine concentration on the pyridine
degradation by isolated pyridine degrading consortium/strain

concentrations (Rhee et al. 1997). At each of initial
concentration there was a period of exponential growth
when the substrate was being consumed at faster rate. It
was observed that toward the end of the substrate
consumption curve, there is a region of relatively lower
rate of substrate removal. Two possible reasons may be
(a) drop in pH and (b) deficit in availability of oxygen.
This phenomenon is also reported by various research-
ers during batch degradation studies for toxic organics
(Kumar et al. 2005; Arutchelvan et al. 2006; Lodha
et. al. 2007).

During the experiments the pH in each flask dropped
from 7 to about 6.2. The decrease in pH during the
experiment may be due to acid formation because of
the biotransformation of pyridine to acids. It is
assumed that pyridine is degraded after removal of N
atom from the cleavage ring. The N atom is removed by
the enzymatic reaction and remaining ring subse-
quently converts to acid and thereafter to gases like
CO,, etc. (Rhee et al. 1997). Subsequently the dis-
solved oxygen concentration was also monitored after
the experiment and the DO concentration was dropped
from about 3.2 to 0.69 mg/L. This drop in the DO
concentration may be due to the consumption of the
DO by the microbes in the batch reactor and limitation
of air transfer through the cotton plugs used to cover the
flask in the shaker.

Evaluation of growth kinetics of isolated
consortium/strain

In order to evaluate growth kinetics, the biomass
growth data from the batch experiments were plotted
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on a semi logarithmic graph as mentioned by Park et al.
(2002), Kumar et al. (2005), and Lodha et al.(2007).
The lag phase was observed in the initial stage of the
growth curve, thereafter linear increment in the
biomass concentration was observed (exponential
phase) at all initial pyridine concentrations, which
indicated that the pyridine was the limiting substrate in
this region and the culture growth was exponentially.
In the present research work also these plots have been
used to calculate specific growth rate (u) for that
particular initial pyridine concentration using eq. (1).

In (%) = p,t. (1)

The specific growth rates were obtained at several
different concentrations of pyridine ranging from 1 to
50 mg 17" and it was found that the specific growth
rate increases with the increase in pyridine concen-
tration up to a certain concentration level (20 mg 17"),
then it starts decreasing with increase in the concen-
tration as shown in Fig. 3. The same trend has been
reported for other toxicants like phenol, catechol,
technical HCH, TNT, etc. (Kumar et al. 2005; Lodha
et al. 2007; Park et al. 2002). The specific growth
rates were 0.0015 h™" at 1 mg 1!, and 0.01233 h™"
at 50 mg 17", The maximum specific growth rate was
determined to be 0.0212h~' at 20 mg1~'. This
suggests that pyridine is inhibitory type of substrate.

Endogenous data or decay coefficient

The decay coefficient for the isolated culture was
determined as mentioned by Kumar et al. (2005). The

0.025

0.02

0.015

0.01

0.005

Specific Growth Rate (h)

0

0 5 10 15 20 25 30 35 40 45 50
Pyridine Concentration (mg/l)

Fig. 3 Effect of initial Pyridine concentration on the specific
growth rate of the isolated pyridine degrading consortium/
strain

microbial growth curve shows a decline in the
number of viable cells after the complete consump-
tion of substrate. During this declining phase, the
endogenous decay in the bacterial population persists.
This part of the growth curve in a batch reactor has
been modeled by following equation (2).

dx
— = —K4¢X. 2
= Ky @)

In order to determine the value of Ky, the growth
batch run was continued at initial pyridine concen-
tration of 10 mg 1_1, rather the measurement of cell
concentration was continued further for another 72 h.
even after the complete consumption of pyridine. The
selection of particular growth run was arbitrary,
assuming the Kj is not dependent on initial substrate
concentration. The data of this region were plotted as
log (Biomass) versus time (Fig. 4). The negative
slope gives decay rate coefficient. The value of the
decay rate coefficient obtained is 0.0055 h™' for
pyridine.

Yield coefficient

The Yield coefficient for the isolated pyridine
degrading strain/consortia was determined as men-
tioned by Kumar et al. (2005). The batch studies were
continued till the pyridine concentration reaches
steady state condition. The amount of biomass
present just at the end of exponential phase was used
in calculating the biomass produced as a result of
consumption of substrate. The yield coefficient was
determined using the following equation (3).

9.3

y =-0.005x + 9.235
R2 = 0.995

©
=
(4]
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©
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Fig. 4 Estimation of decay coefficient (Ky) for isolated
pyridine degrading consortium/strain
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X = Xp = Yxs(S0 — 9). (3)

Figure 5 shows the plot used to determined yield
coefficients for pyridine. The value of the yield
coefficient for pyridine was determined to be 0.155 g
of biomass/g of pyridine. Padoley et al. (2006)
reported pyridine degradation ability of the P.
pseudoalcaligenes—KPN in the concentration range
of 25-200 mg 17" of pyridine and indicated a yield
coefficient (Y) value of 0.26, a half-saturation rate
constant (Kg) value of 37.29 mg 17!, and a maxi-
mum specific growth rate constant (ln,.x) value of
0.2 day~" but the studies did not determined the
value of inhibition constant.

Effect of bio-augmentation of isolated
consortium/strain on biodegradation of pyridine

During the studies, the total quantity of biomass was
taken similar as taken for the isolated consortium/
strain in earlier experiments and all other conditions
were maintained same. The study was conducted for
the initial pyridine concentration of 20 mg 1~'. The
results of the studies are shown in the Fig. 6. The
result reveals that, as the quantity of the isolated
consortium/strain in the biomass of activated sludge
increases, there is an increase in the pyridine
degradation efficiency of the biomass. The biodegra-
dation of pyridine at 0% bio-augmentation was about
21% after 96 h of incubation, whereas at 10% bio-
augmentation more than 50% pyridine degradation
was observed after 96 h. of incubation. However, at
25% bio-augmentation, almost complete removal of
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Fig. 5 Plot to calculate yield coefficient (Y) for growth of
isolated consortium/strain on Pyridine
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Fig. 6 Effect of bio-augmentation of isolated pyridine degrad-
ing consortium/strain on the Pyridine degradation efficiency of
activated sludge biomass

pyridine (more than 98%) was observed after 96 h of
incubation. Thus, it can be concluded that the isolated
consortium/strain can successfully enhance the
capacity of pyridine degradation of activated sludge
after bio-augmentation.

Conclusion

The isolated bacterial consortium/strain was found to
be capable of degrading pyridine under aerobic
conditions. The result reveals that the degradation
at low initial pyridine concentrations (1-20 mg 1™")
is higher than that at the high concentrations (30—
50 mg 17"). This may be due to toxicity and inhib-
itory effect of pyridine at higher concentrations.
Based on p versus S curve, maximum specific growth
rate was found out to be 0.0212 h™'. The yield
coefficient and the decay coefficient were found to be
0.155 g of biomass/g of pyridine and 0.0055 h™',
respectively. Furthermore, the bio-augmentation of
the isolated bacterial consortium/strain showed a
significant improvement in the pyridine degradation
efficiency of the activated sludge. The 25% bio-
augmentation of isolated consortium/strain in acti-
vated sludge results in almost complete degradation
of pyridine (20 mg 1™") within 96 h of incubation.

References

APHA-AWWA-WPCF (1998) Standard Methods for the
Examination of Water and Wastewater. American Public
Health Association, Washington, DC, p 17



Biodegradation (2008) 19:717-723

723

Arutchelvan V, Kanakasabai V, Elangovan R, Nagarajan S,
Muralikrishnan V et al (2006) Kinetics of high strength
phenol degradation using Bacillus brevis. J Haz Mat
B129:216-222

Bielefeldt AR, Stensel HD (1999) Evaluation of biodegrada-
tion kinetic testing methods and long term variability in
biokinetics for BTEX metabolism. Wat Res 33:733-740

Browning E (1965) Toxicity and metabolism of industrial
solvents. Elsevier Science, Amsterdam

Devinny JS, Deshusses MA, Webster TS et al (1999) Biofil-
tration for air pollution control. CRC press, New York

Fetzner S (1998) Bacterial degradation of pyridine, indole,
quinoline and their derivatives under different redox
conditions. Appl Microbiol Biolechnol 49:237-250

Gupta RC, Shukla OP (1975) Microbial metabolosim of 2
hydroxy pyridine. Ind J Biochem Biophys 12:296-301

Kaiser JP, Feng Y, Bollag JM et al (1996) Microbial metabo-
lism of pyridine, quinoline, acridine, and their derivatives
under aerobic and anaerobic conditions. Microbiol Rev
60:483-498

Kumar A, Kumar S, Kumar S et al (2005) Biodegradation
kinetics of phenol and catechol using Pseudomonas putida
MTCC 1194. Biochem Eng J 22:151-159

Leenheer JA, Stuber HA (1981) Migration through soil of
organic solutes in oil shale process. Environ Sci Technol
15:1467-1475

Liu SM, Wu CH, Huang HJ et al (1998) Toxicity and anaer-
obic biodegradability of pyridine and its derivatives under
sulfidogenic conditions. Chemosphere 36:2345-2357

Lodha B, Bhat P, Kumar MS, Vaidya AN, Mudliar S, Killedar
DJ, Chakrabarti T et al (2007) Bioisomerization kinetics
of y-HCH and biokinetics of Pseudomonas aeruginosa
degrading technical HCH. Biochem Eng J 35:12-19

Mohan SV, Sistla S, Guru RK, Prasad KK, Kumar CS,
Ramakrishna SV, Sarma PN et al (2003) Micobial

degradation of pyridine using Pseudomonas Sp.and iso-
lation of plasmid responsible for degradation. Waste
Manage 23:167-171

Mudliar SN, Padoley KV, Bhatt P, Sureshkumar M, Lokhande
SK, Pandey RA, Vaidya AN (2008) Pyridine biodegra-
dation in a novel rotating rope bioreactor. Bioresour
Technol 99:1044-1051

Otto LA, Pickett MJ (1976) Rapid identification of gram
negative, non fermentative bacilli. Am Soc Microbiol
3:566-575

Padoley KV, Rajvaidya AS, Subbarao TV, Pandey RA et al
(2006) Biodegradation of pyridine in a completely mixed
activated sludge process. Bioresour Technol 97:1225-—
1236

Park C, Kim TH, Kim S, Lee J, Kim SW et al (2002) Bioki-
netic parameters estimation for degradation of 2,4,6-
Trinitrotoluene with Pseudomonas Putida KP-T201.
Journ. of Biosci. And Bioeng 94:57-61

Rhee SK, Lee GM, Toon JH, Yong YH et al (1997) Anaerobic
and aerobic degradation of pyridine by newly isolated
Denitrifying Bacterium. Appl Environ Microbiol
63:2578-2585

Shimizu N, Kitamura T, Watanabe K, Yamaguchi T, Shigya H,
Ohta T et al (1993) A simple and efficient synthesis of 2-,
3-, or 4-(2-nitrophenyl)pyridine derivatives via palladium
catalyzed cross-coupling reaction. Tetrahedron lett
34:3421-3424

Sims GK, O’Loughlin EJ (1989) Degradation of pyridine in the
environment. CRC Crit Rev Environ Control 19:309-340

Sims GK, Sommers LE (1985) Degradation of pyridine
derivatives in soil. J Environ Qual 14:580-584

Stuermer DH, Ng DJ, Morris CJ et al (1982) Organic con-
taminants in groundwater near an underground coal
gastification site in northeastern Wyoming. Environ Sci
Technol 16:582-587

@ Springer



	Biodegradation of pyridine by an isolated bacterial consortium/strain and bio-augmentation of strain �into activated sludge to enhance pyridine biodegradation
	Abstract
	Introduction
	Materials and methods
	Microorganism/consortium
	Media and conditions
	Batch studies on biodegradation of pyridine �using isolated consortium/strain
	Batch studies on effect of bio-augmentation �of isolated consortium/strain into the activated sludge biomass on pyridine degradation efficiency
	Analytical methods

	Results and discussions
	Enrichment and isolation
	Morphological and bio-chemical characteristics of isolated consortium/strain
	Effect of initial concentration of pyridine �on the degradation efficiency of isolated consortium/strain
	Evaluation of growth kinetics of isolated consortium/strain
	Endogenous data or decay coefficient
	Yield coefficient
	Effect of bio-augmentation of isolated consortium/strain on biodegradation of pyridine

	Conclusion
	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


