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ABSTRACT

In this study, the modified rice bran was tested to remove Pb(Il) from water. Batch experiments were carried out to
evaluate the adsorption characteristics of the modified rice bran for Pb(Il) removal from aqueous solutions. The ad-
sorption isotherms, thermodynamic parameters, kinetics, pH effect, and desorbability were examined. The results show
that the maximum adsorption capacity of the modified rice bran was approximately 70.8 mg Pb(Il)/g absorbent at tem-
perature of 25°C and at the initial Pb(Il) concentration of 400 mg/L and pH 7.0. And the adsorption isotherm data
could be well fitted by both Langmuir equation and Freundlich equation. Thermodynamic studies confirmed that the
process was spontaneous and endothermic. The adsorbed amounts of Pb(Il) tend to increase with the increase of pH.
The adsorption kinetic data can be satisfactorily described by either of the power functions and simple Elovich equa-
tions. The desorbability of Pb(Il) is about 15-20%, and it is relatively difficult for the adsorbed Pb(Il) to be desorbed.
The relatively low cost and high capabilities of the rice bran make it potentially attractive adsorbent for the removal of

Pb(I]) from wastewater.
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1. Introduction

Duo to the toxicological importance in the ecosystem,
agriculture and human health, pollution by heavy metals
has received wide spread attention in the recent years.
Lead, an element which has been used by man for years,
can be regarded as a longstanding environmental con-
taminant. All lead compounds are cumulative poisons.
Several industries like mining, printing, painting, dyeing,
battery manufacture and other industries discharge ef-
fluent containing lead, to surface water. Lead has toxic
effects on neurobehavioral development and on the brain
cell function [1]. The accumulation of lead in river beds
[2] has been detected and gives cause for concern. This
underlines the need for developing methods for effective
removal of lead from water at least below the regulatory
level.

However, there are several methods for the treatment
of wastewaters containing Pb(II), including ion exchange,
adsorption, precipitation and membrane separation [3].
During last decades, the process of adsorption using ac-
tivated carbon [4-5] has been found to be an efficient
technology for the removal of Pb(Il) from wastewater.
Though the removal of Pb(II) through adsorption is quite
effective, its use is restricted sometimes due to the higher
cost of activated carbon and difficulties associated with
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regeneration. Attempts have therefore been made to util-
ize natural as well as waste materials as alternative ad-
sorbents. However, preparation of carbons from low-cost
materials [6-7], use of clay minerals [8-9], waste materi-
als [10-12], and wheat bran [13-14] are some of the al-
ternatives of costly activated carbons. Although many of
these adsorbents can effectively remove Pb(I), most of
them present some disadvantages such as poor adsorption
capacity, low efficiency/cost ratio and ineffectiveness for
low metal concentrations.

China produces millions of tons of rice annually. Rice
bran is a by-product of the rice milling industry and the
amount of rice bran available is far in excess of any local
uses, thus frequently causing disposal problems. Therefore,
rice bran is very inexpensive, with a cost of 1/50-1/40 of
that of active carbon, and thus its use would significantly
lower the cost of wastewater treatment. In addition, the
use of rice bran would represent effective utilization of
waste matter. The modified rice bran has been success-
fully used to remove Cd(II) from water [15].

The objective of this work was to study the feasibility
of using modified rice bran as adsorbents for the removal
of Pb(Il) from wastewater. Rice bran was chosen due to
its granular structure, insolubility in water, chemical sta-
bility and local availability. In this work, batch experi-
ments were carried out to evaluate the adsorption char-
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acteristics of the modified rice bran for Pb(II) removal
from aqueous solutions. The adsorption isotherms, ther-
modynamic parameters, kinetics, pH effect, and desorb-
ability were examined.

2. Materials and Methods
2.1. Materials

The used rice bran was purchased at a local market. It
was dried in an oven at 105°C for a period of 24 h, and
then ground and sieved to obtain uniform material (< 75
pm). The chemical compositions and physical properties
of rice bran are given in Table 1. The BET surface area
was measured by the N, adsorption-desorption technique
using a NOVA-1000 (Ver.3.70) analyzer. The bulk den-
sity of the adsorbent was determined with a densitometer.
Mercury porositometry determined porosity of the ad-
sorbent. Chemical analysis of the rice bran showed the
presence of various oxides of Ca, Si, Mn, Mg, and Fe.

About 20 g of dried rice husks were treated with 200
mL 3 M sodium hydroxide at 60°C for 2 h in a paraffin
bath. The sodium hydroxide used was an equivalent
amount required to remove all silica present in the husks.
The husks were then filtered and washed with distilled
water until the filtrate was neutral. The treated husks
were dried at 105°C in an oven and left overnight. The
dried husk was carbonized with 50 mL 30% sodium hy-
droxide under nitrogen atmosphere at temperatures rang-
ing from 400 to 650°C, for 45 min. Then the carbonized
husks were washed with distilled water until the filtrate
was about pH 6—7. The samples were then dried at 105°C
in an oven overnight and ball-milled into powder that
passed through 75 pm mesh.

2.2. Experimental Procedure

In the present investigation the batch mode of operation
was selected in order to measure the progress of adsorp-
tion. It was carried out by shaking 100 mg of modified
rice bran with 100 mL aqueous solution of adsorbate
(Pb(NOs),) of different concentrations (30, 60, 90, 120,
150, 200, 300, 400 mg/L) at different temperature (15°C,
25°C, 35°C) and different pHs (3.1, 4.5, 6.2, 7.0, 7.6, 8.1)
in different glass bottles in a shaking thermostat at a con-
stant speed of 120 rpm. The pH of the adsorbate solution

Table 1. Chemical compositions and physical properties of
rice bran.

Chemical composition Physical properties

Moisture 8.25%  Surface area (m%/g) 438.05
Volatile matter 42.80%  Bulk density (g/cm®)  0.3086
Fixed carbon 30.56%  Porosity (fraction) 0.38
Ash (oxides of Ca, 18.39%

Mn, Si, Fe, Mg, etc.)
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was adjusted by manually adding 0.1 M HNO; or 0.1 M
NaOH solutions using a pH meter. The progress of ad-
sorption was noted at different time intervals till the at-
tainment of saturation. At the completion of predeter-
mined time intervals, the adsorbate and adsorbent were
separated by centrifugation at 12000 rpm for 25 minutes
in a Sorvall RC-5C centrifuge. And the supernatant lig-
uid was analyzed for Pb(II). Desorption experiments
were conducted by shaking 100 mg of adsorbent con-
taining adsorbed Pb(Il) with 100 mL of distilled-deion-
ized water at 25°C and pH 7.0.

Blank samples were run under similar conditions of
concentration, pH, and temperature without adsorbent in
all cases to correct for any adsorption on the internal
surface of the bottles. The duplicate experiments demon-
strated the high repeatability of this adsorption method
and the experimental error could be controlled within
5-10%.

2.3. Analysis of Pb(II)

Pb(IT) was estimated through atomic absorption spectro-
photometer using a Varian Spectra AA 10 Plus atomic
absorption spectrophotometer, at wavelength of 217 nm.
The band pass was 1 nm. The adsorbed Pb(II) was cal-
culated from the difference of the Pb(Il) in solution and
the known initial concentration. Each analysis point was
an average of three independent parallel sample solutions.
Triplicate tests showed that the standard deviation of the
results was £3%.

3. Results and Discussion
3.1. Pb(II) Adsorption Isotherm

Experiments were performed at different initial Pb(II)
concentrations (30, 60, 90, 120, 150, 200, 300, 400 mg/L)
at temperature of 15, 25, 35°C, respectively, and pH of
7.0. The results of the Pb(II) adsorption isotherm ex-
periments are shown in Figure 1. It can be found that the
Pb(II) adsorption capacity of the modified rice bran in-
creased with the Pb(II) equilibrium concentration in-
creasing from 0 to 100 mg/L. This capacity was ap-
proximately 59.5, 68.0, 75.8 mg Pb(Il)/g absorbents re-
spectively at temperature of 15, 25, 35°C and at the Pb(II)
equilibrium concentration of 100 mg/L and pH 7.0. With
a further increase of the Pb(Il) equilibrium concentration,
the increase of the adsorption capacity was less signify-
cant.

Two typical isotherms, as described below in Equa-
tions (1)-(2), were used for fitting the experimental data:

Freundlich equation:

g, = KC" (1

Langmuir equation:
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106 Adsorption of Pb(II) onto Modified Rice Bran

q.=q,bC,/(1+bC,) )

where ¢, is the amount adsorbed at equilibrium (mg/g),
and C, is the equilibrium concentration (mg/L). The other
parameters are different isotherm constants, which can be
determined by regression of the experimental data. In this
study, the isotherm data from Figure 1 were fitted to the
above two models by non-linear regression using the
method of least squares. The estimated model parameters
with the correlation coefficient (R?) and the standard er-
ror of estimate (SE) are shown in Table 2. The fitting
curves from the two isotherms are also illustrated in Fig-
ure 1. It is shown that the experimental data of Pb(II)
adsorption on modified rice bran could be well fitted by
the two isotherms. Clearly, Langmuir equation provided
better fitting in terms of R* and SE values.

The Pb(Il) adsorption on different materials has been
widely studied during recent years, such as, on granu-
lated blast-furnace slag [10], bentonite [8], bagasse fly
ash [12], zeolite [9], sepiolite [9], etc. At respective
optimal pH value and approximately the same Pb(II)
equilibrium concentration, their reported Pb(II) adsorp-
tion capacities (mg/g) are given in Table 3. For com-
parison, the Pb(II) adsorption capacity of the modified
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Figure 1. Pb(II) adsorption isotherm.

Table 2. Estimated isotherm parameters for Pb(II) adsorp-
tion.

Freundlich equation Langmuir equation

(qg:KCL/”) (qe:qmbcg/(l‘*'bce))
Temperaure K 1/n  R° SE 9" b -
(mg/g) (L/mg)
15C 29.9 0.162 0.925 1.33 60.1 122 0975 0.625

25°C 32.6 0.248 0910 1.62 739 0.708 0.936 0.772

35C 342 0303 0.898 1.92 789 0.552 0.922 0.836

Copyright © 2010 SciRes.

Table 3. Pb(II) adsorption capacities of different low cost
and easily available materials (at 20-25C).

Material Capacity (mg/g) Source
granulated blast-furnace slag 34.0 [10]
bentonite 21.5 [8]
bagasse fly ash 4.1 [12]
zeolite 30.5 [9]
sepiolite 38.2 9]
wheat bran 68.79 [13-14]
rice bran 73.9 This study

rice bran obtained in this study is also listed in Table 3.
In comparison with granulated blast-furnace slag [10],
bentonite [8], bagasse fly ash [12], zeolite [9], sepiolite
[9], and wheat bran [13-14], the relatively low cost and
high capabilities of rice bran make it potentially attract-
tive adsorbent for the removal of Pb(II) from wastewater.

3.2. Thermodynamic Parameters

Thermodynamic parameters such as free energy (AG"),
enthalpy (AH’), and entropy (AS") change of adsorption
can be evaluated from Equations (3):

Kd:qe/ce’ (3)

where K, is the sorption distribution coefficient. The K,
values are used to determine the AG®, AH, and AS°,

AG’ =-RTInK,, 4)

where AG” (cal mol™) is the free energy of adsorption, T
(Kelvin) is the absolute temperature, and R is the uni-
versal gas constant.

The K, may be expressed in terms of the AH® (kcal
mol™) and AS® (cal mol”" K™) as a function of tempera-
ture:

InK, =AH/(RT)+AS°/R, Q)

The values of AH” and AS” can be calculated from the
slope and intercept of a plot of In Ky vs. 1/7.

Thermodynamic parameters such as free energy of
adsorption (AG"), the heat of adsorption (AH"), and stand
entropy changes (AS”) during the adsorption process at
the initial Pb(II) concentration of 30 mg/L were calcu-
lated using Equations (3), (4), and (5). The temperature
range used was from 15 to 35°C. The Gibbs free energy
indicates the degree of spontaneity of the sorption proc-
ess and the higher negative value reflects more energetic-
cally favorable sorption. (AH") and (AS") were obtained
from the slope and intercept of a plot of In K, against 1/T
(Figure 2). The values of the parameters thus calculated
are recorded in Table 4. Negative values of AG® indicate
the spontaneous nature of the adsorption process. The
value of AG® becomes more negative with increasing
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temperature. This shows that an increase in temperature
favors the adsorption process. The positive values of AH°
indicate that the adsorption process was endothermic in
nature and the negative values of AS” suggest the prob-
ability of favorable adsorption.

3.3. Effect of pH

Experiments were performed at different pH (3.1, 4.5,
6.2, 7.0, 7.6, 8.1) and the initial Pb(II) concentration of
150 mg/L at 25°C. The results of the effect of pH on ad-
sorption of Pb(II) are presented in Figure 3. It was found
that the total amount of adsorption of Pb(II) onto modi-
fied rice bran increases with an increase of pH from 3.1
to 8.1. Similar trends were also observed for Pb(II) ad-
sorption on granulated blast-furnace slag [10], and on red
mud [11]. The pH of the aqueous solution is an important
variable that influences the adsorption of Pb(II) at the
solid-liquid interfaces. However, the modified rice bran
possesses a negative surface charge in solution. As pH
changes, surface charge also changes, and the sorption of
charged species is affected (attract ion between the posi-
tively charged metal ion and the negatively charged rice
bran surface). Furthermore, a lower pH value causes the
rice bran surface to carry more positive charges and thus
would more significantly repulse the positively charged
species (Pb(II)) in solution.

0.8

02 +———v-v--—v-—T—
325 330 335 340 345 350 3.5
1000/T (1/K)

Figure 2. A plot of In K, against 1/7 for Pb(II) adsorption
by rice bran.

Table 4. Thermodynamic parameters for adsorption of
Pb(II) on rice bran.

~AG" (cal mol™) AH® —-AS°
15°C 25°C 35°C (kcal mol™) (cal mol™ K™)
577.0 1039 1585 13.92 50.29
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3.4. Pb(II) Adsorption Kinetic

Experiments were performed at the initial Pb(IT) concen-
tration of 150 mg/L and at temperature of 15, 25, 35°C,
respectively. The results of Pb(II) adsorption kinetic ex-
periments are shown in Figure 4. It can be seen that the
majority of Pb(II) adsorption on the modified rice bran
were completed in 5-15 minutes. For example, after 15
minutes of adsorption, the Pb(Il) adsorbed on the rice
bran at 15, 25, 35°C was, respectively, 89.1%, 91.3%,
92.4% of that at 180 minutes.

The Pb(II) adsorption kinetic data (Figure 4) were fit-
ted with several kinetic models (first order, second,
power function, and simple Elovich [16]) by none-liner
regression. The first- and second-order kinetic models
were ruled out because their correlation coefficients (R?)
for the present experimental data were too small (< 0.6).
Power function and simple Elovich kinetic equations and
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Figure 4. Pb(II) adsorption kinetics.
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estimated parameters with R* and SE are shown in Table
5. Based on R” and SE, the kinetics of Pb(II) adsorption
on the rice bran can be satisfactorily described by either
of the power functions and simple Elovich equations.
Therefore, the fitting curves resulting from both equa-
tions are plotted in Figure 4 as well. The high applicabil-
ity of the simple Elovich equation for the present kinetic
data is generally in agreement with other researchers’
results that the Elovich equation was able to describe
properly the kinetics of Pb(II) adsorption on lignite [17]
and diatomite [18].

3.5. Pb(II) Desorption Studies

The tests of Pb(Il) desorption were conducted with four
initial Pb(Il) concentrations (60, 120, 200, 400 mg/L) as
shown in Table 6. The Pb(II) desorbability can be de-
fined as the ratio of the desorbed Pb(II) over the total
adsorbed Pb(I) by the adsorbent. Therefore, the desorb-
ability of Pb(II) can be used to indicate the degree of
Pb(II) desorption from the adsorptive materials. The data
in Table 6 show that the desorbability of Pb(Il) is about
15-20%. And the amount of the desorbed Pb(Il) is
slightly increased with the increase of the adsorbed
Pb(II). These results indicate that the Pb(Il) adsorption
on the modified rice bran is not completely reversible
and the bonding between the rice bran and adsorbed
Pb(II) is likely strong. And it is relatively difficult for the
adsorbed Pb(Il) to be desorbed from the modified rice
bran.

Table 5. Estimated kinetic model parameters for Pb(II)
adsorption.

Freundlich equation

(g=at”)

Langmuir equation
(g=a+blnt)

Temperature  a b R’ SE a b R’ SE

15°C 16.3 0.455 0.966 0.386 10.8 17.5 0.985 0.352

25C 18.9 0.493 0.928 0.779 13.6 20.2 0.963 0.422

35C 29.3 0.354 0958 0.512 24.6 18.6 0.978 0.403

Table 6. Desorbability of the adsorbed Pb(II) on rice bran.

Initial Concentration Adsorbed Pb(II) Desorbed Pb(II) Desorbability

(mg/L) (mg/g) (mg/g) (%)
60 36.8 5.6 15.3
120 64.0 11.6 18.1
200 68.4 12.8 18.8
400 70.8 13.6 19.2
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4. Conclusions

The modified rice bran has been found to be a very ef-
fective adsorbent for the efficient removal of Pb(Il) from
water. The maximum adsorption capacity of the modified
rice bran was approximately 70.8 mg Pb(Il)/g absorbent
at temperature of 25°C and at the initial Pb(I) concentra-
tion of 400 mg/L and pH 7.0. And the adsorption iso-
therm data could be well fitted by both Langmuir equa-
tion and Freundlich equation. Thermodynamic studies
confirmed that the process was spontaneous and endo-
thermic. The adsorbed amounts of Pb(II) tend to increase
with the increase of pH. The adsorption kinetic data can
be satisfactorily described by either of the power func-
tions and simple Elovich equations. The desorbability of
Pb(Il) is about 15-20%, and it is relatively difficult for
the adsorbed Pb(II) to be desorbed. The relatively low
cost and high capabilities of the rice bran make it poten-
tially attractive adsorbent for the removal of Pb(I) from
wastewater.

REFERENCES

[1] K. N. Dietrich, P. A. Succop, R. L. Bornchein, K. M.
Kraft, O. Berger, P. B. Hammond and C. R. Buncher,
“Lead Exposure and Neurobehavioral Development in
Later Infancy,” Environmental Health Prospective, Vol.
89, No. 11, 1990, pp. 13-19.

[2] D.K. Saikia, R. P. Mathur and S. K. Srivastava, “Adsorp-
tion of Copper, Zinc and Lead by Bed Sediments of River
Ganges in India,” Environmental Technology Letter, Vol.
8, No. 1-12, 1987, pp. 149-152.

[31 1. H. Choi, S. D. Kim, S. H. Noh, S. J. Oh and W. J. Kim,
“Adsorption Behaviors of Nano-Sized ETS-10 and Al-
Subtituted-ETAS-10 in Removing Heavy Metal Ions,
Pb?* and Cd**,” Microporous and Mesoporous Materials,
Vol. 87, No. 3, 2005, pp. 163-169.

[4] A. Wilczak and T. M. Keinath, “Kinetics of Sorption and
Desorption of Copper(Il) and Lead(II) on Activated Car-
bon,” Water Environment Research, Vol. 65, No. 3, 1993,
pp. 238-244.

[5] R. M. Taylor and R. W. Kuennen, “Removing Lead in
Drinking-Water with Activated Carbon,” Environmental
Programs, Vol. 13, No. 1, 1994, pp. 65-71.

[6] M. Sekar, V. Sakthi and S. Rengaraj, “Kinetics and Equi-
librium Adsorption Study of Lead(II) onto Activated
Carbon Prepared from Coconut Shell,” Journal of Colloid
and Interface Science, Vol. 279, No. 2, 2004, pp. 307-
313.

[71 R. Ayyappan, A. C. Sophia, K. Swaminathan and S.
Sandhya, “Removal of Pb(Il) from Aqueous Solution
Using Carbon Derived from Agricultural Wastes,” Proc-
ess Biochemistry, Vol. 40, No. 3-4, 2005, pp. 1293-1299.

[8] R. Naseem and S. S. Tahir, “Removal of Pb(II) from
Aqueous/Acidic Solutions by Using Bentonite as an Ad-
sorbent,” Water Research, Vol. 35, No. 16, 2001, pp.
3982-3986.

NR



(9]

(10]

[11]

[12]

Adsorption of Pb(I) onto Modified Rice Bran

T. Mustafa, M. Ugur, Y. Baris and S. Mehmet, “Lead
Removal in Fixed-Bed Columns by Zeolite and Sepio-
lite,” Chemosphere, Vol. 60, No. 10, 2005, pp. 1487-
1492.

S. V. Dimitrova and D. R. Mehandgiev, “Lead Removal
from Aqueous Solutions by Granulated Blast-Furnace
Slag,” Water Research, Vol. 32, No. 11, 1998, pp. 3289-
3292.

V. K. Gupta, M. Gupta and S. Sharma, “Process Devel-
opment for the Removal of Lead and Chromium from
Aqueous Solutions Using Red Mud - An Aluminium In-
dustry Waste,” Water Research, Vol. 35, No. 5, 2001, pp.
1125-1134.

V. K.Gupta and 1. Ali, “Removal of Lead and Chromium
from Wastewater Using Bagasse Fly Ash - A Sugar In-
dustry Waste,” Journal of Colloid and Interface Science,
Vol. 271, No. 2, 2004, pp. 321-328.

Y. Bulut and Z. Baysal, “Removal of Pb(Il) from Waste-
water Using Wheat Bran,” Journal of Environmental

Copyright © 2010 SciRes.

[14]

[13]

[16]

[17]

109

Management, Vol. 78, No. 2, 2006, pp. 107-113.

A. Ozer, “Removal ofPb(1I) Ions from Aqueous Solutions
by Sulphuric Acid-Treated Wheat Bran,” Journal of Haz-
ardous Materials, Vol. 141, No. 3, 2007, pp. 753-761.

H. P. Ye, Q. Zhu and D. Y. Du, “Adsorptive Removal of
Cd(IT) from Aqueous Solution Using Natural and Modi-
fied Rice Husk,” Bioresource Technology, Vol. 101, No.
14, 2010, pp. 5175-5179.

D. L. Sparks, “Kinetics of Soil Chemical Process,” Aca-
demic Press Inc, New York, 1999.

J. M. Gu and D. R. Ding, “A Study on the Characteristics
of Adsorption for Zn**, Cu**, Pb*" Tons onto Peat and
Lignite,” Environmental Chemistry (in Chinese), Vol. 15,
No. 4, 1996, pp. 343-346.

Y. B. Shen, Y. M. Zhu, Z. A. Wang and D. Z. Wei, “Ad-
sorption of Pb*" in Hydrofacies by diatomite,” Journal of
Northeastern University (Natural Science, in Chinese),
Vol. 24, No. 10, 2003, pp. 982-985.

NR




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.66667
  /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 1.66667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

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

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 [595.276 807.874]
>> setpagedevice


