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Abstract Biofilms were developed on glass microscope
slides in a natural aquatic environment and their mercury
adsorption properties were evaluated. Results demonstrated
that the biofilms contained a large number of bacterial cells
and associated extracellular polymers. Mercury forms
detected in the biofilms were mainly bound to residual
matter and organic acids. The adsorption processes could
be described by a Langmuir isotherm. The optimum con-
ditions for adsorption of mercury to natural biofilm were an
ionic strength of 0.1 mol/L, pH 6 and an optimum
adsorption time of 40 min. The transformation rate was
0.79 pg gaseous mercury per gram of biofilm.
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Mercury is considered a hazardous pollutant owing to
its toxicity, even at low concentrations, and its non-
biodegradability (Cheng et al. 2005, 2006). The transpor-
tation and bioavailability of mercury in aquatic systems are
greatly affected by its binding to surfaces of solid phases
and complexing with ligands in the water. Solid surfaces,
including sediments, suspended particles, and associ-
ated biofilms, in freshwater systems primarily consist of
organic material (such as cell debris, fecal pellets, and
microorganisms), calcium carbonate, iron, manganese and
aluminum oxides, and silicate minerals (Wang et al. 2002a,
b; Dong et al. 2003). The behavior, distribution, transport,
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and fate of mercury may be significantly affected by its
adsorption and remobilization on biofilms (Wang et al.
2002a). Biofilms are dynamic systems in which both
adsorption and desorption processes occur at the same time.
Many studies on the Pb and Cd adsorption characteristics of
sediments and biofilm have been carried out using different
approaches, such as additive models and the use of selective
extractants and sequential extractants (Dong et al. 2001,
2002, 2003). However, there have been few reports on the
mercury adsorption properties of biofilms. One study
demonstrated that under mercury(Il) stress, Kluvera cryo-
crescens biofilms adhering to suspended particulate matter
(SPM) in the Yangtze River could reduce mercury(I) to
elemental mercury, which was subsequently volatilized into
the atmosphere (Wang et al. 2002a). However, little theory
was proposed to explain these observations. The current
study focused on the effect of environmental factors such as
ionic strength, pH and time on the adsorption of mercury at
the interface between a biofilm and solution. A special
apparatus for gaseous mercury collection was used to sim-
ulate a biofilm ecosystem in an aquatic environment.

Materials and Methods

Pre-cleaned glass microscope slides (6.0 cm x 7.0 cm x
0.1 cm) were fixed onto polypropylene racks and sub-
merged in a natural aquatic environment at a depth of
approximately 50 cm for a period of 40 days in the fall. In
each case, visible biofilms were present on the glass slides
after development. This method has been used extensively
to acquire representative heterogeneous assemblages in
illuminated surface water (Dong et al. 2002, 2003; Wang
et al. 2002b). Moreover, a previous study demonstrated
significant correlations for the content of some important
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Table 1 Sequential extraction procedure

Species Extractant

pH

Fraction I: exchangeable form

Fraction II: carbonate-bound form

Fraction III: Fe—-Mn oxide-bound form
Fraction IV: organic form (including sulfide)

Fraction V: residual form

1 mol/L MgCl, (40 mL) 7.0
1 mol/L NaOAc (40 mL)

0.08 mol/L NH,OH - HCI1 50% (v/v) in HOACc solution
0.1 mol/L HNOj5 (1 mL) and 30% H,O, (5 mL)

Aqua regia and HCIO4

5.0 (adjusted with HOAc)

2.0 (adjusted with HNO3)

components (e.g., Fe, Mn, and Al) between biofilms col-
lected using this method and the water body (Dong et al.
2001, 2003). Prior to submersion in the water, the glass
slides and racks were pre-cleaned with detergent, soaked
for 12-16 h in soap solution, washed for 30-40 min in 8 L
of water containing 40 g of KMnO,4 and 200 mL of H,SOy,
and then rinsed in distilled deionized water. After expo-
sure in the field for 40 days, the glass slides with
attached biofilms were transported to the laboratory for
microscopic examination, extraction, and mercury adsorp-
tion experiments.

To assess the solid speciation of mercury in the biofilm
samples, a sequential extraction procedure was applied.
Wet biofilms (containing 2000 mg of dry matter) were
placed in centrifugal tubes and extracted overnight on a
mechanical shaker using 40 mL of different extractants
(Table 1). Samples were then centrifuged at 2,500 rpm for
30 min. The supernatant was processed and used for mer-
cury determination and the solid residue was subjected to
subsequent extraction (Dong et al. 2001; Renneberg and
Dudas 2001; Wu et al. 2002; Liu et al. 2006).

Mercury adsorption by biofilms was measured in
chemically defined solutions with the same mercury con-
centrations. The concentration of Hg>™ used would have no
notable effect on most aquatic microbes for short-term
contact. The solutions were prepared using HgCl, in min-
imal mineral salts solution containing NaCl, NaHCOs,
Na,CO;, MgSO,, (NH4),SO, and KNO;. The ionic
strength and pH of the solution were adjusted. The pH was
chosen to avoid the possible formation of Hg precipitates.
Biofilms collected from the natural aquatic environment
were rinsed using minimal mineral salts solution. Then
three slides for each treatment were submerged in 20 mL
of mercury solution in separate 100-mm round-bottom
culture vessels (Dong et al. 2002, 2003). The solutions
were shaken continuously at 25°C. Preliminary experi-
ments revealed that mercury adsorption by blank glass
slides was negligible. After equilibrium was reached, the
slides were removed and mercury concentrations in the
equilibrium solutions were measured using an AMA254
solid/liquid mercury analyzer (Milestone, Italy) with an
absolute detection limit of 0.01 ng. Each sample was
analyzed three times. A special apparatus (Fig. 1) was used

A

Fig. 1 Schematic diagram of the apparatus for gaseous mercury
collection. (1) Vessel inlet, (2) gold sand, (3) vessel outlet, (4)
reaction vessel, (5) 2 mg/L. HgCl, solution, (6) natural biofilm, and
(7) CD-1 gaseous sampler (Beijing Detector Instruments Ltd.)

to capture gaseous mercury transformed by the natural
biofilms. A set of controlled tests was first performed
without biofilm.

In this study, three slides were used for each treatment,
and mean values are reported.

Results and Discussion

Natural biofilms developed in the aquatic environment were
similar in appearance to those reported by Dong et al.
(2003). They consisted of assemblages of microorganisms
in a matrix associated with mineral deposits, and were thick
and light. The biofilms were brownish green in color and
contained a large number of bacterial cells and associated
extracellular polymers. Some algae, including diatoms and
green algae, were also observed. Metal oxides in the bio-
films were determined by ICP-AES after extraction with
10% HNO; for 24 h (Table 2). The concentrations of metal
oxides in the biofilm decreased in the order Al > Fe >
Ca > Mg > K>Mn > Ti > Na >Zn > Ba > Hg. Com-
pared to metal oxides, the concentrations of TOC in
different biofilms was less variable. The coefficient of
variation for measurement of metal oxides and organic
material in the biofilm was <10%, indicating that biofilms
were consistent from slide to slide and allowing the use of
different slides for characterization of natural biofilms and
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Table 2 Metal and TOC concentrations in the biofilm

Analyte Concentration Analyte Concentration
(mg/kg) (mg/kg)

Al 30304 Mg 9613
Ba 256 Mn 4332
Ca 15629 Na 423

Co 323 Ni 46.7

Cr 101.3 Pb 333

Cu 72.4 Sr 60.3

Fe 26223 Ti 850

K 6574 Zn 323

Li 352 Hg 0.56

\% 55.4 TOC 108.3

measurement of mercury adsorption (Dong et al. 2001,
2003).

The distribution of mercury forms in the natural biofilm
was as follows: organic form, 41.23%; exchangeable form,
29.32%; residual form, 17.2%; Fe—Mn oxide-bound form,
6.29%; and carbonate-bound form, 5.96% of the total
mercury (Fig. 2). These five mercury fractions have dif-
ferent mobility and potential bioavailability. Organic and
exchangeable forms are probably the most important in
terms of environmental concerns. The exchangeable form
is the most labile and can migrate in aquatic environments,
and even move downward into deeper sediment. The
organic form is regarded as having stronger complexation
ability and thus has more limited mobility and bioavail-
ability. Hg bound to organic matter could include methyl
mercury species (mainly monomethylmercury) in spite of
being of a very small proportion of total mercury in gen-
eral. Organochelated Hg was observed to be strongly
correlated with methylation potential and thus seems to
play an important role in the biogeochemical cycle of Hg.
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Fig. 2 Distribution of different mercury forms in natural biofilm
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Fig. 3 Change in mercury concentrations in equilibrium solutions
over time

Owing to its very low solubility, the residual form is not
subject to transport and is not available for chemical or
biological transformation (Wang et al. 2002a).

Figure 3 shows the change in mercury concentrations in
equilibrium solution after adsorption by the biofilm over
time. The ionic strength of the solution was adjusted to
0.1 M with KNOj and the pH was adjusted to 6.0 with
dilute HCI. Figure 3 shows that mercury adsorption from
the solution was up to 86% after 30 min, 90% after 40 min,
94% after 60 min, and 99.7% after 1440 min. The curve
indicates that a shorter adsorption period of approximately
40 min should be suitable for selective adsorption of
mercury oxides.

Mercury adsorption by the biofilm was studied over the
pH range 2-11 for an initial adsorbate concentration of
2 mg/kg HgCl,. The solution pH was adjusted using dilute
HCI and NaOH solutions. A graphical representation of the
adsorption data for the biofilm over the pH range investi-
gated is shown in Fig. 4. A solution pH of 6.0 during
adsorption led to a good result, with a maximum adsorption
concentration of 9.9 pug mercury per gram of biofilm. For
pH >7, mercury(Il) precipitated, which did not favor
adsorption by the biofilm. Thus, for pH >7, mercury
adsorption by the biofilm decreased with increasing initial
pH. At pH <7, mercury(Il) reduction in solution was
caused by the bacterial response to mercury stress. Mer-
cury-resistant strains contain mercuric reductase, which

— =
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T
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Fig. 4 Change in accumulated adsorption of mercury by the biofilm
with pH
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depends on donation of coenzyme II nicotinamide adenine
dinucleotide phosphate acid (NADPH) as follows (Wang
et al. 2002a):

NADP" + H* + 2¢ — NAPDH, E”* = —0.32 V (1)

where E”" is the standard redox potential (V) and NADP is
nicotinamide adenine dinucleotide phosphate. Hence, the
Nernst equation of the electron pair NADPT/NADPH is:

RT. [NADP*][H*
E, = 50+ KT, [NADPUJIHT] @
nF  [NADH]

where E, is the electrode potential of NADP/NAPDH
V), EY is the standard electrode potential (V), R is the gas
constant (8.314 J/L mol) and F is the Faraday constant
(9.6485309 x 10* C/mol).

Apparently, the redox electrode potential of NADP*/
NADPH decreases with increasing pH, which is advanta-
geous for NADPH donation. In other words, high pH is
more advantageous for mercury reductase catalysis
(depending on NADPH) than low pH. Thus, for pH <7,
mercury adsorption by the biofilm increased with increas-
ing initial pH.

The effect of solution ionic strength is significant for
both the adsorbent and the adsorbate. Generally, since
natural water contains different salts, its ionic strength is
high. At high ionic strength, adsorption sites are sur-
rounded by counterions, which partially decrease their
charge and thus weaken the binding force of electrostatic
interaction (Krishnan and Anirudhan 2002; Manohar et al.
2002; Feng et al. 2004; Jeon and Park 2005). To investigate
the effect of ionic strength on mercury(Il) adsorption by
biofilm, equilibrium sorption studies were carried out using
solutions of different ionic strength. The ionic strength was
adjusted by addition of dilute KCl and NaNOj solutions.
Figure 5 indicates that mercury oxide adsorption by the
biofilm increased with increasing ionic strength up to
0.1 mol/L, corresponding to a maximum mercury concen-
tration in the biofilm of 10.3 pg/g. Based on these results,
an adsorption time of 40 min, pH 6 and ionic strength of

U

O —= N W Ul O~ O O
T

adsorption concentration/Hg/g

0.0001 0.001 0.01 0.1 1

ionic strength/mol/L

Fig. 5 Effect of ionic strength on the adsorption of mercury by
biofilm

0.1 mol/L were chosen as the optimum conditions for
mercury oxide adsorption by biofilms.

Mercury adsorption data were analyzed using Langmuir
and Freundlich models to evaluate the mechanistic
parameters associated with the adsorption process. Lang-
muir and Freundlich isotherms have been extensively used
to evaluate the adsorption of organic matter and heavy
metals on clays, metal oxides, soils, activated carbon,
sediment, peat, etc. (Jain and Ram 1997; Loaec et al. 1997;
Wang et al. 2002b). The Langmuir model assumes uniform
energy of adsorption onto the surface and no transmigra-
tion of adsorbate on the surface. The linear form of the
Langmuir isotherm is represented by the equation:

l/G: l/Gmax+(A/Gmax)(l/C) (3)

where G is the amount of adsorbate adsorbed (mg/g), C is
the equilibrium adsorbate concentration (mg/L), and Gy
and A are Langmuir constants related to the maximum
adsorption capacity (monolayer capacity) and energy of
adsorption, respectively, which are functions of the system
characteristics and time. The Langmuir parameters G,.x
and A were obtained by linearly regressing the data using
Eq. 3 (Table 3). The Freundlich isotherm is represented by
the equation:

logG = logK + (1/n)logC 4)

where K and n are Freundlich constants related to the
adsorption capacity and intensity, respectively. The Fre-
undlich parameters K and n for Hg were also obtained by
linearly regressing the data using Eq. 4 (Table 3). The
correlation coefficient between 1/G and 1/C (RL2 = 0.93)
indicates that a straight line with slope A/Gy,.x and inter-
cept 1/Gp.x was obtained, demonstrating that Hg
adsorption by the biofilm followed the Langmuir isotherm
model. For a plot of logG against logC, the correlation
coefficient of R” = 0.21 indicates that Hg adsorption by
the biofilm does not fit Freundlich isotherm model.
Mercury exists in the environment in three oxidation
states, Hg(0), Hg(I) and Hg(Il). For each valence state,
many chemical forms can occur in solid, aqueous, and
gaseous phases. Gaseous mercury includes mercury vapor,
inorganic compounds (chlorides and oxides), and alkyl
mercury (primarily methylmercury) (Coelho-Souza et al.
2006; Dill et al. 2006). Inorganic mercury dissolved in
water is thought to exist in the form of dissociated

Table 3 Adsorption parameters and correlation coefficients calcu-
lated using Langmuir and Freundlich isotherms

Langmuir equation
1/G = 1/Gax + (A/Gina)(1/C)

Freundlich equation
logG = logK + (1/n)logC

Gmax (mglg) A (mgL) R’ K(mglg) n R¢

63.45 0.02 0.93 805.47 1.32 0.21
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Table 4 Gaseous mercury transformed by the biofilm after 1 h of
adsorption

Biofilm Mercury content (ng) Transformation
eight rate (pg/

weight (2) Blank After 1 h Gaseous (ng/e)

0.7 287.6 843.7 556.1 0.79

[HgCl4)*~ ions. In our follow-up study, we measured the
total gaseous mercury transformation rate for the biofilm
(Fig. 1). The transformation rate was 0.79 pg of gaseous
mercury per gram of biofilm (Table 4). A large number of
bacterial cells and associated extracellular polymers were
present in the biofilms. Inorganic mercury ([HgCl4]27)
could be transformed to methylmercury in solution by
microorganisms, such as methane-producing bacteria;
these contain methylcobalamin that can easily generate
methylmercury from inorganic mercury ions.

References

Cheng J, Yuan T, Yang L, Hu W, Zheng M, Wang W, Liu X, Qu L
(2005) Neurobiological disruptions induced in brains of the rats
fed with mercury contaminated rice collected from experimental
fields in Guizhou Province, China. Chin Sci Bull 50:2441-2447.
doi:10.1360/982005-229

Cheng J, Yuan T, Wang W, Jia J, Lin X, Qu L, Ding Z (2006)
Mercury pollution in two typical areas in Guizhou province,
China and its neurotoxic effects in the brains of rats fed with
local polluted rice. Environ Geochem Health 28:499-507. doi:
10.1007/s10653-005-7570-y

Coelho-Souza SA, Guimaraes JR, Mauro JB, Miranda MR, Azevedo
SM (2006) Mercury methylation and bacterial activity associated
to tropical phytoplankton. Sci Total Environ 364:188-199. doi:
10.1016/j.scitotenv.2005.07.010

Dill C, Kuiken T, Zhang H, Ensor M (2006) Diurnal variation of
dissolved gaseous mercury (DGM) levels in a southern reservoir
lake (Tennessee, USA) in relation to solar radiation. Sci Total
Environ 357:176-193. doi:10.1016/j.scitotenv.2005.04.011

Dong D, Li Y, Zhang B, Hua X, Yue B (2001) Selective chemical
extraction and separation of Mn, Fe oxides and organic material
in natural surface coatings: application to the study of trace metal
adsorption mechanism in aquatic environments. Microchem J
69:89-94. doi:10.1016/50026-265X(01)00068-6

@ Springer

Dong D, Hua X, Li Y, Li Z (2002) Lead adsorption to metal oxides
and organic material of freshwater surface coatings determined
using a novel selective extraction method. Environ Pollut
119:317-321. doi:10.1016/S0269-7491(02)00104-5

Dong D, Derry L, Lion L (2003) Pb scavenging from a freshwater
lake by Mn oxides in heterogeneous surface coating materials.
Water Res 37:1662-1666. doi:10.1016/S0043-1354(02)00556-0

Feng Q, Lin Q, Gong F, Sugita S, Shoya M (2004) Adsorption of lead
and mercury by rice husk ash. J Colloid Interface Sci 278:1-8.
doi:10.1016/j.jcis.2004.05.030

Jain CK, Ram D (1997) Adsorption of lead and zinc on bed sediments
of the river Kali. Water Res 31:154-162. doi:10.1016/S0043-
1354(96)00232-1

Jeon C, Park KH (2005) Adsorption and desorption characteristics of
mercury(II) ions using aminated chitosan bead. Water Res
39:3938-3944. doi:10.1016/j.watres.2005.07.020

Krishnan KA, Anirudhan TS (2002) Removal of mercury(Il) from
aqueous solutions and chlor-alkali industry effluent by steam
activated and sulphurised activated carbons prepared from
bagasse pith: kinetics and equilibrium studies. J] Hazard Mater
92:161-183. doi:10.1016/50304-3894(02)00014-6

Liu G, Cabrera J, Allen M, Cai Y (2006) Mercury characterization in
a soil sample collected nearby the DOE Oak ridge reservation
utilizing sequential extraction and thermal desorption method.
Sci Total Environ 369:384-392. doi:10.1016/j.scitotenv.2006.
07.011

Loaec M, Olier R, Guezennec J (1997) Uptake of lead, cadmium and
zinc by a novel bacterial exopolysaccharide. Water Res
31:1171-1179. doi:10.1016/S0043-1354(96)00375-2

Manohar DM, Krishnan KA, Anirudhan TS (2002) Removal of
mercury(II) from aqueous solutions and chlor-alkali industry
wastewater using 2-mercaptobenzimidazole-clay. Water Res
36:1609-1619. doi:10.1016/S0043-1354(01)00362-1

Renneberg AJ, Dudas MJ (2001) Transformations of elemental
mercury to inorganic and organic forms in mercury and
hydrocarbon co-contaminated soils. Chemosphere 45:1103—
1109. doi:10.1016/S0045-6535(01)00122-9

Wang W, Huang Y, Liu J, Peng A (2002a) Effect of some
environmental factors on mercury(II) reduction by suspended
particulate matter-associated Kluvera cryocrescens biofilms in
waterbodies. Water Environ Res 74:77-81. doi:10.2175/
106143002X139767

Wang W, Wang W, Zhang X, Wang D (2002b) Adsorption of
p-chlorophenol by biofilm components. Water Res 36:551-560.
doi:10.1016/S0043-1354(01)00267-6

Wu XH, Sun DH, Zhuang ZX, Wang XR, Gong HF, Hong JX, Lee
FSC (2002) Analysis and leaching characteristics of mercury and
arsenic in Chinese medicinal material. Anal Chim Acta 453:311—
323. doi:10.1016/S0003-2670(01)01442-8


http://dx.doi.org/10.1360/982005-229
http://dx.doi.org/10.1007/s10653-005-7570-y
http://dx.doi.org/10.1016/j.scitotenv.2005.07.010
http://dx.doi.org/10.1016/j.scitotenv.2005.04.011
http://dx.doi.org/10.1016/S0026-265X(01)00068-6
http://dx.doi.org/10.1016/S0269-7491(02)00104-5
http://dx.doi.org/10.1016/S0043-1354(02)00556-0
http://dx.doi.org/10.1016/j.jcis.2004.05.030
http://dx.doi.org/10.1016/S0043-1354(96)00232-1
http://dx.doi.org/10.1016/S0043-1354(96)00232-1
http://dx.doi.org/10.1016/j.watres.2005.07.020
http://dx.doi.org/10.1016/S0304-3894(02)00014-6
http://dx.doi.org/10.1016/j.scitotenv.2006.07.011
http://dx.doi.org/10.1016/j.scitotenv.2006.07.011
http://dx.doi.org/10.1016/S0043-1354(96)00375-2
http://dx.doi.org/10.1016/S0043-1354(01)00362-1
http://dx.doi.org/10.1016/S0045-6535(01)00122-9
http://dx.doi.org/10.2175/106143002X139767
http://dx.doi.org/10.2175/106143002X139767
http://dx.doi.org/10.1016/S0043-1354(01)00267-6
http://dx.doi.org/10.1016/S0003-2670(01)01442-8

	Adsorption Properties and Gaseous Mercury Transformation Rate of Natural Biofilm
	Abstract
	Materials and Methods
	Results and Discussion
	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


