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Abstract: Chromium biosorption was found to be influenced by the pH of the solution, initial metal concentration,
amount of the dried powdered cells and contact time. Batch biosorption of chromium(VI) from an aqueous solution
was studied using dry biomass of inactivated bacteria isolated from the industrial effluent. At the initial metal ion
concentration of 50 mg L', the Cr(VI) adsorbed was 7.14 mg g™ of adsorbent. At 300 mg L' initial Cr(VI)
concentration, removal of 47.02 mg g™ of Cr(VI) was recorded. The Cr(VI) adsorbed increased with increasing
initial metal ion concentration up to 300 mg L. Optimum biosorption was recorded at pH 3. At all the concentrations,
the adsorption equilibrium was obtained within 6 h. The adsorption equilibrium constants were obtained from both
Freundlich and Langmuir adsorption isotherms. The organism could remove 60 mg of Cr(VI) per gram of adsorbent
from an effluent (300 mg L") at pH 3. Several desorping agents like EDTA, oxalic acid, citric acid etc. were used for
desorption process of which citric acid was found to be better desorping agent. Immobilization with alginate preparation

was found to maintain the biosorption potential.
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Introduction

Chromium(VI) has been recognized as one of the most
serious pollutants among heavy metals in the
environment, thus the remediation of chromate(VI)
pollution receives much more concern. Sources of
chromium pollution are reported to be electroplating,
leather tanning, textile dyeing, and metal finishing
industries (Ziagova et al., 2007). Chromium(VI) can
diffuse as CrO, or HCrO, through cell membranes and
oxidize biological molecules resulting in toxicity. It leads
to liver damage pulmonary congestion and causes skin
irradiation resulting in ulcer formation (Arica and
Bayramoglu, 2005).

Current technologies for removal and recovery of both
toxic and industrial interest metals usually produce wastes
with high concentrations of metals. These wastes are an
important source of environmental pollution. So far, there
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have been a number of studies considering the possibility
of removal and recovery of heavy metals from diluted
solutions. These are principally due to the commercial
value of some metals as well as to the environmental
impact caused by them. Chemical oxidation, reduction,
precipitation, adsorption, solidification, electrolytic
recovery, and ion exchange are some of the
physicochemical wastewater treatment processes which
are being used for metal removal. However, the
application of these treatment processes has been found
to be sometimes restricted, because of expensive
investment, operational costs and the potential generation
of secondary pollution. Furthermore, such processes may
be ineffective or extremely expensive when the initial
heavy metal concentrations are in the range of 10—100
mg L™ (Zhou et al., 2007). Alternative methods of metal
removal and recovery based on biological materials have
been considered. Certain types of microbial biomass can
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Abbreviations

GIDC Gujarat Industrial Development Corporation
GESCSL Green Environment Services Co-operative
Society Limited

EDTA  Ethylene diammine tetra acetate
O max Maximum adsorption capacity (mg g
b Langmuir adsorption constant

K Freundlich adsorption constant

C, Residual metal concentration (mg L")
G Initial metal concentration (mg L)

q Specific metal uptake (mg g™)

R Correlation coefficient

Cr Chromium

h hour

retain relatively high quantities of metals by means of
passive processes known as biosorption, which is
dependent on the affinity between the metallic species
or its ionic forms and the binding sites on the molecular
structure of the cellular wall. The process is relatively
fast and the fact that it is a surface phenomenon facilitates
the removal of the metal and the subsequent use of the
material as biosorbent. An important aspect of the
operation is that it can be carried out when the cell
is metabolically inactive or even dead. One advantage
of using microorganisms in an inactive state is that
its propagation and use can be separate processes
(Manriquez et al., 1997).

Bacteria can also be regarded as metal sorbents,
because of the nature and composition of their multi-
layer envelopes (membrane, cell wall and capsule). The
presence, on bacterial surfaces, of polarizable groups
capable of interacting with cations is responsible for their
reversible metal binding capacity. Such groups (‘sites”)
are mainly: phosphate, carboxyl, hydroxyl and amino-
groups. The heterogeneity of site composition and
arrangement on macromolecules and membranes confers
to the bacterial biomass a wide range of metal-sorptive
performances, with regard to maximum binding capacity,
strength of the metal-sorbent bond, response to changes
in pH and ionic strength, etc. (Tsezos et al., 1996). Bio-
logical metal removal (biosorption) has distinct
advantages over conventional methods: it is non-polluting
and it can be highly selective, more efficient, easy to
operate, and hence cost-effective for treatment of large
volumes of wastewaters containing low metal
concentrations.

It has been reported that dead cells were of better
efficiency for Cr(VI) biosorption than living cells (Srinath

et al., 2002). Dead cells were better than live cells. This
can be explained as living cells are used for metal
biosorption in unbuffered condition, and the redox
reactions between the cells and liquid cause an increase
in final pH; however the biosorption efficiency of Cr(VI)
decreased as pH increased. This motivated us to isolate
new bacterial strains from metal-contaminated
environment and evaluate the new strains for their ability
to remove heavy metals from the polluted environment.

Materials and Methods

Bacteria and Media

Bacterial strains were isolated from equalization tank
containing industrial effluent from G.E.C.S.C.L.,
G.I.D.C., Vatva, Ahmedabad and cultivated on Luria
Bertani medium at 35°C.

Screening of Metal Resistant Bacteria

The metal solutions of K,Cr,0O, were selected in varying
concentration ranging from 50 to 500 mg L. Stock
solutions of metal salts were prepared in sterile water
and added to Luria Agar in varying concentration and
spot inoculated with different isolates. The plates were
inoculated at 35-37°C for 24 h (Aleem et al., 2003).
Bacteria showing resistance to highest concentration for
given metal ion were subjected to subsequent biosorption
studies.

Preparation of Bacterial Biomass

Biosorption experiments were carried out using batch
equilibrium technique. After screening procedure,
microorganisms were cultured on Luria Bertani medium
without metals. Cells were harvested by centrifugation
at 8000 rpm for 10 min. Harvested cell (biomass) were
then washed twice with deionised distilled water,
autoclaved and dried in an oven at 80°C for 48 h. The
dried powdered biomass was used for sorption studies.

Estimation of Cr(VI) Ion

The residual Cr(VI) concentration or percentage metal
removal was recorded by measuring optical density of
the purple complex of Cr(VI) with 1, 5-diphenylcarbazide
at 540 nm (Snell and Snell, 1959).

Biosorption Experiments

Effect of Metal Concentration

Biosorption experiments were conducted at initial Cr(VI)
concentrations ranging from 50 to 300 mg L™! until the
equilibrium is reached. At the end of each experiment
the mixture was centrifuged (8000 rpm for 5 min) and
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the remaining concentration of metals in the supernatant
was determined. The experimental data were processed
via Langmuir and Freundlich isotherms.

Effect of Contact Time

Adsorption of metal ion by dried bacterial biomass was
checked at regular interval of time. 50 ml of metal
solution (K,Cr,0,) was added with appropriate amount
of bacterial biomass into each flask. Biosorption was
studied for the given time interval by taking out 2 ml of
solution and reading the absorbance and extrapolating
biosorption using the standard curve and checked for
metal biosorption. Each treatment was replicated thrice
(Ikram and Malik, 2007).

Effect of pH
Several flasks for each metal ion concentration were

prepared. The metal ion concentration was selected on
the basis of maximum biosorption as mentioned. pH of
the solution was adjusted to 3.0, 4.0, 5.0, 6.0, 7.0, 8.0 by
using 2 M NaOH and 1 M H,S0, as required. Biosorption
in each tube containing 50 ml of metal solution were
studied by procedure described. Lower pH is avoided as
it might cause precipitation of metal salts. For each set, a
blank of metal solution without any inoculation was
performed in parallel to avoid confusion between
biosorption and possible metal precipitation.

Desorption Process

Several agents like EDTA, oxalic acid, citric acid (0.1M)
were first used as above procedure and their effectiveness
in removing metal were compared and analyzed to find
out the better desorping agents. Following the metal
adsorption batch experiment, metal laden pellet were
taken out and suspended into 5 ml of the various eluent
solutions. The metal ion is slowly released into eluent.
At regular time interval, 1 ml of the sample was with-
drawn to estimate metal ion released. Each experiment
was continued until equilibrium condition was reached
where no further change in ion concentration was
observed. The unloaded biomass was regenerated,
washed twice with distilled water and resuspended in
new metal solution for another cycle of biosorption-
desorption process. This biosorption-desorption
experiment was continuously performed 2 to 3 times.

Immobilization Studies

Immobilized cell beads were prepared when the dried
cells were suspended to solution containing 4% sodium
alginate. The mixture was added (drop by drop) into
solution containing 2% CaCl,. The biosorption of Cr(VI)
on the immobilized bacteria was investigated in batch

biosorption experiments at a particular pH. 5 ml of sample
was taken from batch sample at predetermined time
interval and was analyzed to determine the residual metal
concentration in the aqueous solution.

Biosorption Models

Sorption models were chosen for comparison with
experimental data: Langmuir and Freundlich isotherm
equations were used to describe the equilibrium state for
single-ion adsorption experiments. The theoretical basis
of Langmuir equation relies on the assumption that there
is a finite number of binding sites which are
homogeneously distributed over the adsorbent surface
of the cells, having the same affinity for adsorption of a
single molecular layer and there is no interaction between
adsorbed molecules. The mathematical description of the
equation is

— Qmax bCe
1+bC,

where ¢ is the amount of metal ion adsorbed, C, is the
residual metal concentration in solution (mg L), Q...
the maximum specific uptake corresponding to sites
saturation (mg g'), and b the biomass-metal binding
affinity (Donmez and Aksu, 2002).

The Freundlich equation is the empirical relationship
whereby it is assumed that the adsorption energy of a
metal binding to a site on an adsorbent depends on
whether or not the adjacent sites are already occupied.
This empirical equation has the form:

g = KC

where K and n are constants indicating adsorption
capacity and adsorption intensity, respectively
(Bayramoglou et al., 2005).

The amount of metal ion adsorbed was obtained by
using following expression:

q = (Ci —Ce)V/m

where C; and C, are the initial and final metal ion
concentrations (mg L), respectively. Vis the volume of
the medium (L) and m is the amount of the biomass (g).

Results and Discussion

Seventeen isolates were selected from serially diluted
industrial effluent samples on Luria agar. Out of these,
only one isolate was found to resist 500 mg L™! of Cr(VI)
through metal inhibition assay. Biosorption of heavy
metals by microorganisms is affected by several factors.
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Major factors include surface properties of micro-
organisms and physicochemical parameters of solution
such as pH, initial concentration and time (Sag and
Kutsal, 1995).

Influence of Initial Concentration of Cr(VI) Ions

To determine the isotherms, initial metal concentration
range was selected between 50-300 mg L™! while the dry
cell weight in each sample was kept constant at 2 g L™
The initial concentration provides an important driving
force to overcome all mass transfer resistances of Cr(VI)
between the aqueous and solid phases. Hence a higher
initial concentration of Cr(VI) would enhance the
adsorption process. Such an effect was clearly
demonstrated in Figure 1.
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Figure 1: Effect of initial metal concentration on
chromium biosorption.

The maximum sorption increased from 20.2 to 31%
with Isolate 13 when Cr(VI) concentration was raised
from 50 to 300 mg L' which indicated that increasing
metal ion concentration increased the biosorption
potential. However further increase in metal
concentration did not have any significant effect on the
sorption potential. This indicated that high metal
concentration caused saturation of binding sites such that
no binding sites were available for further adsorption or
high metal concentration caused higher electronic
repulsion which hampered further biosorption (Ziagova
et al., 2007).

Effect of Time

Generally sorption increase on increasing the time of
contact between biomass and metal. However after
certain interval of time equilibrium is established. The
equilibrium was reached within 6 h in our study (Figure
2). Maximum removal capacity of 31% was recorded
with Isolate 13 in 6 h. The biosorption yields were 16.3%,
17.9% and 20.3% for Isolates 4, 14 and 15 respectively.
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Figure 2: Effect of time on chromium biosorption.

After this period no significant increase in biosorption
was observed. Saturation time beyond which no further
increase in biosorption is observed may represent the time
that allows complete occupation of all the binding sites
on the cells which limits the cells from sequestration of
any further ions due to lack of adsorption sites. The
kinetics of metal uptake, assumed to be a passive physical
adsorption at the cell surface, is very rapid and occurs in
a very short time after the microorganisms have come
into contact with metal ions (Singh et al., 2001).
Dunaliella sp. was reported to require 72 h to remove
Cr(VI) from saline wastewaters (Donmez and Aksu,
2002).

Effect of pH

Metal biosorption is critically linked with pH. Different
metals show different pH optima for their biosorption.
In order to define the effect of pH on the biosorption of
Cr(VI) ions by Isolate 13 (selected for best biosorption
among the isolates), the batch equilibrium studies at
different pH values were carried out. The effect of pH
was tested in the range of 3-8. Optimum pH for Cr(VI)
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Figure 3: Effect of pH on chromium biosorption.
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biosorption by Isolate 13 was 3 (Figure 3). Metal
biosorption depends on the protonation or deprotonation
of the functional groups on the cell wall (Fourest and
Volesky, 1997). Generally low pH causes protonation of
cell wall components. Cr(VI) is adsorbed in the form of
Cr,0,%"; lower pH favours its maximum biosorption.
However optimum pH varies among different organisms
depending on the cell wall components at which become
highly protonated. Higher pH values were not useful,
since precipitation of the metal could occur by the
formation of metal hydroxides (Pardo et al., 2003). Heavy
metals have a strong affininty with proteins of the cell
wall. At pH values above the isoelectric point of the cells
there is a net negative charge on the cells which will
inhibit binding of Cr(VI) (Sag and Kutsal, 1995).
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In the pH range 2-6, HCrO* and Cr,0," ions are in
equilibrium. At the lower pH value, Cr;0,,> and
Cr,0,,> species are formed (Aksu et al., 2002). Thus
the decrease in solution pH causes the formation of more
polymerized chromium oxide species. Removal of Cr(VI)
at low pH was identical with that observed previously
(Sag and Kutsal, 1989).

Desorption

Reusability of biosorbent is as important a criterion as
biosorption efficiency considering their commercial
viability. Desorption analysis was done using various
agents like citric acid, EDTA etc. Among the tested
agents, citric acid was found to be the best desorbing
agent achieving 45% removal in 24 h (Figure 4). During
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Figure 4: Comparison of desorping agents for chromium biosorption.
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Figure 5: Biosorption of chromium by immobilized cells.
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desorption studies, maximum desorption of Cr (58%) was
recorded during the first cycle which significantly
decreased during subsequent cycles (Figure 5). A similar
trend was observed for biosorption of Cr(VI) with each
cycle. The results indicated that after 3 to 4 cycles of
repetitive biosorption-desorption, biosorption declined
significantly. This indicated that cell components may
fade away due to repeated treatment (Lu et al., 2006).

Immobilization Studies

Immobilization of the cells was done using alginate
preparation (4%). For chromium, immobilized cells
showed better removal capacity (39.9%) compared to
control (27.1%) (Figure 6). Immobilization did not affect
the biosorption efficiency of the cells. Generally
immobilization decreases binding capacity of biomass
for metals; however it has an advantage for increasing
the reusability as cells are fragile in nature and due to
repeated desorption-biosorption cycle its efficiency is
bound to decrease (Paul et al., 2006).
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Figure 6: Langmuir isotherm for chromium biosorption.

(C, = residual metal concentration, ¢ = metal uptake
by cells)

Biosorption Models

The equlibrium of biosorption of heavy metals were
modelled using adsorption-type isotherms. The
Freundlich and Langmuir models were used to describe
the biosorption equilibrium (Cetinkaya et al., 1999). The
linearized Langmuir adsorption isotherms of Cr(VI) ion

for Isolate 13 are presented (Figure 5). After value of
C, [residual metal ion concentration at equilibrium
(mg L™")] and ¢ [adsorbed metal ion quantity per gram of
cell at equilibrium (mg g™')] had been obtained from
experimental data, the plot of 1/¢ versus 1/C, was
employed. The Freundlich and Langmuir adsorption
constants evaluated from the isotherms with the
correlation coefficients are given (Table 1). The
regression correlation coefficients for metal ions-
bacterium systems were high. The value of Q,,,, species
[Langmiur adsorption constant (142.85 mg g™)] was
significantly high for the Cr(VI).

Similarly the linearized model of Freundlich
adsorption system was obtained by plotting log g versus
log C, (Figure 7).The intercept K is an indication of the
adsorption capacity of the adsorbent; the slope 1/n
indicates the effect of concentration on the adsorption
capacity and represents adsorption intensity. The forces
within the surface layer are attractive if # is less than
unity and repulsive if # is greater than unity. The closer
the n value of the Freundlich adsorption system is to zero,
the more heterogeneous is the system (Sag and Kutsal,
1995). Both the model properly fitted the experimental
data which is indicated by high regression correlation
coefficients.
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Figure 7: Freundlich isotherm for chromium
biosorption.

(C, = metal concentration, ¢ = metal uptake by cells)

Table 1: Linear regression data for Langmuir and Freundlich isotherm for chromium biosorption

Model Langmuir model Freundlich model
Parameters 0., (mggh b R? K 1/n R?
Cr(VID) 142.85 0.0014 0.936 0.116681 1.114 0.958
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Chromium biosorption has been extensively studied
using a variety of bacteria or other microbial species such
as algae and fungi. Q,,,, values observed for Ochro-
bactrum anthropi, a dead exopolysaccharide producing
bacterium, and Mucor hiemalis were 86.2 mg g and
53.5 mg g! Cr(VI), respectively (Tewari et al., 2005).
Lower adsorption capacities 18.2, 25.6 and 21.2 mg
Cr(VI) g'! were obtained with native, heat and acid treated
algal preparations of Chlamydomonas reinhardtii
respectively (Arica et al., 2005), whereas dried activated
sludge showed maximum uptake capacity 294 mg Cr(VI)
g! (Aksu et al., 2002).

Conclusions

Dead cells of bacterial isolates resistant to higher
concentration of Cr(VI) were used in present study as
biosorbent as they don’t require any growth conditions
to be maintained. Various parameters like pH, metal
concentration, time, and amount of dosage of biosorbent
were optimized for increasing the biosorption potential
on the selected metal resistant isolates. It was found that
increase in contact time generally increased the
biosorption potential; however, all the isolates reached
equilibrium within 6 h. Variation in biosorption pattern
was observed due to effect of initial metal concentration.
Maximum Cr(VI) biosorption occurred at pH 3. After
assessing various parameters, Isolate 13 was found to
give maximum biosorption for chromium. To assess the
reusability of biosorbent, several desorbing agents like
EDTA, H,SO,, citric acid, oxalic acid etc. were used.
Out of these, citric acid was found to be the best desorbing
agent. Immobilization of cells with alginate was done to
assess the importance of immobilization for biosorption
process. Adsorption ability of isolate for Cr(VI) was
examined and adsorption data obtained were applied to
both Langmuir and Freundlich isotherm and they were
found to describe adsorption equation adequately. The
isolate obtained can be further used for studying various
other parameters which affect biosorption process and
thus may help in understanding the mechanism involved
in biosorption and improving biosorption potential.

References

Aksu, Z., Acikel, U., Kabasakal, E. and S. Tezer (2002).
Equilibrium modeling of individual and simultaneous
biosorption of chromium (VI) and nickel (II) onto dried
activated sludge. Water Research, 36: 3063-3073.

Aleem, A., Isar, J. and A. Malik (2003). Impact of long-term
application of industrial wastewater on the emergence of
resistance traits in Azotobacter chroococcum isolated from
rhizospheric soil. Bioresource Technology, 86: 7-13.

Aryca, M.Y. and G. Bayramoglu (2005). Cr(VI) biosorption
from aqueous solutions using free and immobilized biomass
of Lentinus sajor-caju: preparation and kinetic character-
ization. Colloids and Surfaces. A: Physicochemical and
Engineering Aspects, 253: 203-211.

Arica, M.Y., Tuzun, L., Yalcin, E., Ince, O. and G. Bayramoglou
(2005). Utilization of native, heat and acid-treated
microalgae Chlamydomonas reinhardtii preparations for
biosorption of Cr(VI) ions. Process Biochemistry, 40: 2351-
2358.

Bayramoglou, G, Celik, G., Yalcin, E., Yilmaz, M. and M.Y.
Arica (2005). Modification of surface properties of Lentinus
sajor-caju mycelia by physical and chemical methods:
Evaluation of their Cr™® removal efficiencies from aqueous
medium. Journal of Hazardous Materials, B119: 219-229.

Cetinkaya, D.G.,, Aksu, Z., Ozturk, A. and T. Kutsal (1999). A
comparative study on heavy metal biosorption
characteristics of some algae. Process Biochemistry, 34:
885-892.

Donmez, G. and Z. Aksu (2002). Removal of chromium (VI)
from saline wastewaters by Dunaliella species. Process
Biochemistry, 38: 751-762.

Fourest, E. and B. Volesky (1997). Alginate properties and
heavy metal biosorption by marine algae. Biochemistry and
Biotechnology, 67: 215-226.

Ikram, A.M. and A. Malik (2007). Biosorption of nickel and
cadmium by metal resistant bacterial isolates from
agricultural soil irrigated with industrial wastewater.
Bioresource Technology, 98: 3149-3153.

Lu, W-B., Shi, J-J., Wang, C-H. and J-S Chang (2000).
Biosorption of lead, metal copper and cadmium by an
indigenous isolate Enterobacter sp. J1 possessing high
heavy-metal resistance. Journal of Hazardous Materials,
B134: 80-86.

Manriquez, R.A., Magana, P.I., Lopez, V. and R. Guzman
(1997). Biosorption of Cu by Thiobacillus ferrooxidans.
Bioprocess Engineering, 18: 113-118.

Pardo, R., Herguedas, M., Barrado, E. and M. Vega (2003).
Biosorption of cadmium, copper, lead and zinc by inactive
biomass of Pseudomonas putida. Analytical and
Bioanalytical Chemistry, 376: 26-32.

Paul, S., Bera, D., Chattopadhyay, P. and L. Ray (20006).
Biosorption of Pb (II) by Bacillus cereus M1 16
immobilized in calcium alginate gel. Journal of Hazardous
Substances Research, 5: 1-13.

Sag, Y. and T. Kutsal (1989). Application of adsorption
isotherms to chromium adsorption on Z. ramigera.
Biotechnology Letters, 11: 141-149.

Sag, Y. and T. Kutzal (1995). Biosorption of heavy metal by
Zoogloea ramigera. The Chemical Engineering Journal,
60: 181-188.



94 Ronak Shetty and Shalini Rajkumar

Singh, S., Rai, B.N. and L.C. Rai (2001). Ni (II) and Cr (VI)
sorption kinetics by Microcystis in single and multimetallic
systems. Process Biochemistry, 36: 1205-1213.

Snell, F.D. and C.T. Snell (1959). Colorimetric Methods of
Analysis. In: third ed., vol. 2. Van Nostrand Company,
Toronto, Canada.

Srinath, T., Verma, T., Ramteke, P.W. and S.K. Garg (2002).
Chromium (VI) biosorption and bioaccumulation by
chromate resistant bacteria. Chemosphere, 48: 427-435.

Tewari, N., Vasudevan, P. and B.K. Guha (2005). Study on
biosorption of Cr (VI) by Mucor hiemalis. Biochemical
Engineering Journal, 23: 185-192.

Tsezos, M., Remoudaki, E. and V. Angelatou (1996). A study
of'the effects of competing ions on the biosorption of metals.

International Biodeterioration and Biodegradation, 38: 19-
29.

Tunali, S., Kiran, I. and T. Akar (2005). Chromium (VI)
biosorption characteristics of Neurospora crassa fungal
biomass. Minerals Engineering, 18: 681-689.

Zhou, M., Liu, Y., Zeng, G, Li, X., Xu, W. and T. Fan (2007).
Kinetic and equilibrium studies of Cr(VI) biosorption by
dead Bacillus licheniformis biomass. World Journal of
Microbiology and Biotechnology, 23: 43-48.

Ziagova, M., Dimitriadis, G., Aslanidou, D., Papaioannou, X.,
Litopoulou Tzannetaki, E. and M. Liakopoulou-Kyriakides
(2007). Comparative study of Cd(Il) and Cr(VI) biosorption
on Staphylococcus xylosus and Pseudomonas sp. in single
and binary mixtures. Bioresource Technology, 98: 2859-
2865.




<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [540.000 720.000]
>> setpagedevice


