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Abstract: The study explores the efficacy of Ficus religiosa leaf powder (FRLP) as an effective adsorbent for the
abatement of Nickel (73.89%) from water bodies. Morphological changes observed in the scanning electron
micrograph of treated biomass confirmed the phenomenon of biosorption and data of metal ion fitted well in Langmuir
isotherm model indicating monolayer sorption. Fourier Transform Infra Red (FTIR) spectrometry analysis indicated
that amino acid-metal interaction appears to be responsible for the metal binding. Desorption studies showed that
the ease of metal ion recovery from metal-loaded biomass by the different eluents is of the order Nitric acid (0.05M)
> Citric acid (0.5 M)> Sodium hydroxide (0.05M)> distilled water. The sorption capacity of regenerated biomass
remained almost constant up to three cycles of sorption process. The successful application of this easily abundant
agricultural waste FRLP, as a biosorbent has potential for a low technological pretreatment step, prior to economically

non-viable high-tech chemical treatments for the removal of Ni (II) from water bodies.
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Introduction

Heavy metals even if present in dilute, undetectable
quantities, their recalcitrance and consequent persistence
in water bodies imply that through natural processes such
as biomagnification, concentration, may be elevated to
such an extent that they begin exhibiting toxic charac-
teristics. Despite strict environment regulations,
significant quantities of nickel is found in wastewater
protruding from several industries such as plating plants,
silver refineries, batteries, welding mining operations,
tanneries, electronics, electroplating and petrochemical
industries (Basso et al., 2002, Vasuderan et al., 2003).
According to US Environmental Protection Agency,
maximum permissible limit for Nickel in waste water is
0.1 mg/dm? (USEPA, 1997). Conventionally, methods
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for removing metal ions from solution include ion
exchange, reverse osmosis, chemical precipitation which
are inherently problematic, expensive and ineffective at
low metal concentration (Yan and Viraraghavan, 2004).
Presently, there is an increasing trend to evaluate cheaper
materials like agricultural wastes to remove toxic metals
from water bodies. Biosorption technology removes
heavy metals from wastewater without creating
hazardous sludge at costs much lower than conventional
methods. Several biosorbents such as grape stalk (Isabella
et al., 2004), cocoa shells (Meunier et al., 2003) and
Lemna minor (Nicholas et al., 2003) for nickel have been
studied for removal from water bodies.

In continuation of our work on decontamination of
metals using agricultural wastes (Srivastava et al., 2005;
Kumari et al., 2005, 2006; Sharma et al., 2007; Goyal et



78 Pritee Goyal et al.

al., 2007a,b, 2008a,b, 2009, Kardam et al., 2009), the
present communication reports the unexploited properties
of the plant Ficus religiosa Linn. one of the most
appealing biomaterial for the removal of nickel from
aqueous system. Desorption and regeneration of the
biosorbent using different stripping agents was also
studied thereby making the process more lucrative,
beneficial and attractive than currently employed
sophisticated technologies.

Materials and Methods

Collection and Biosorbent Preparation

Leaves of Ficus religiosa Linn. were collected and
washed repeatedly with water to remove dust and soluble
impurities, dried at 65°C for 24 hours, crushed and finally
sieved through (105, 210 and 420 mm) mesh copper
sieves.

Metal-binding Experiments

Batch experiments were conducted in triplicates (N=3)
using standard practices as a function of particle size (105,
210 and 420 pm), biomass dosage (2.0, 4.0 and 6.0 g),
contact time (10, 20, 30 and 40 min.), metal concentration
(1,5,10,25,50and 100 mg/l) and pH (2.5, 3.5,4.5, 5.5,
6.5, 7.5 and 8.5). Nickel solution was prepared by
dissolving the desired quantity of Nickel Sulphate (AR)
in deionized water. Dilutions were made in order to have
metal concentration in the range 1-100 mg/l. After pH
adjustment, required quantity of biosorbent was added
and finally metal bearing suspension was allowed to
settle. The residual biomass sorbed with nickel ion was
filtered using Whatman 42 filter paper (Whatman
International Ltd., Maidstone, England). Filtrate was
collected and subjected for metal ion estimation using
Atomic Absorption Spectroscopy (Perkin Elmer-3100).
Percent metal sorption by the sorbent was computed using
the equation: % Sorption = (C,— C,) / C, x 100, where,
C, and C, are the initial and final concentration of metal
ions in the solution.

Scanning Electron Microscopic Analysis

The morphological characteristics of Ficus religiosa leaf
powder were evaluated using Steroscan 360, Scanning
Electron Microscope (Cambridge, UK). The scanning
electron micrographs of untreated and Ni (II) treated
biomass at bar length equivalent to 20 pm, working
voltage 20 KV with 200X magnification were recorded.

Fourier Transform Infrared Spectroscopy
In order to gain better insight into the surface functional
groups that might be involved in metal sorption, FTIR

analysis in solid phase was performed using a Shimadzu
8400 Fourier Transform Infrared spectroscopy. Spectra
of the sorbent before and after metal sorption were
recorded.

BET Surface Area Analysis
The surface area of the biosorbent was measured using a
Micromeritics ASAP-2010 BET Surface Area analyser.

Sorption Isotherm
The experimental data for the sorption of nickel ions by
the FRLP over the studied concentration range processed
in accordance with the two of the most widely used
adsorption isotherms — Freundlich and Langmuir
isotherm describing the adsorption phenomenon.

The classical freundlich equation is given below

q= Kf Cel/n

where, ¢ is the heavy metal adsorbed on the biosorbent
(mg/g dry weight); C. is the final concentration of metal
(mg/l) in the solution; K; and n are the characteristic
constants.

The classical Langmuir equation is given below;

Ce/qe: (I/Qob) + (Ce/Qb)

where, C, is the equilibrium concentration, g, is the
amount adsorbed of Ni (II) at equilibrium, O, and b are
the Langmuir constants related to adsorption capacity
and energy of adsorption respectively.

The biosorption capacity (K;and Q,) and biosorption
intensity/energy (1/n and b) were estimated from the slope
and intercept of the Freundlich and Langmuir isotherms.

Desorption Experiment
Desorption studies (batch process) were conducted to
restore the biomass as a function of concentration of
different desorption reagents: hard acid (0.05 M HNO5),
soft acid (0.5 M Citric acid), 0.05 M NaOH and distilled
water. Metal loaded biosorbent obtained from our
sorption experiments, were transferred to Erlenmeyer
flasks and shaken with 50 ml of each desorption reagents
as a function of time (20, 40, 60, and 80 min) at room
temperature. At the end of each time interval the
suspension was stirred for 5 min. The suspension was
filtered using Whatman 42 filter paper and in the filtrate
estimation of metal ion concentration was carried out.

The amount of metal ion remaining on the biomass as
a function of time was calculated using a mass balance
equation:

4= q.— ¢ (v/m)

where, ¢, and ¢, are the biomass phase metal ion

concentration (mg/l) and ¢, solution phase metal ion
concentration (mg/l) at time ¢ (min) respectively.
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Kinetics of Desorption
Kinetics of desorption was expressed in the linear form
as follows:

In g/g,= In0®— Ky t+(1-6)

where, g, is the metal concentration in the FRLP
phase (mg/g biomass) at time ¢ (min). g, is the total
desorbable metal concentration in the biomass at the
beginning (mg/g biomass) and K, is the pseudo first-
order desorption rate constant (min~') and values of
desorbable fraction 6 and ¢ fraction resistant desorption
(1 — 0) can be obtained from a plot of In ¢,/q, against
time (min).

Statistical Analysis
Batch experiments were conducted in triplicates (N = 3)
and data represent the mean value. Correlation coefficient

and standard deviations were calculated using SPSS
PC"y statistical package. For the determination of inter-
group mean value differences, each parameter was
subjected to the student-t test for significance level (p <
0.05).

Results and Discussion

Sorption studies result into the standardization of the
optimum conditions as biomass dosage (4.0 g), particle
size (105 pm) metal concentration (25 mg/l), contact time
(40 min) at pH 6.5 (Table 1). Maximum sorption for Ni
(IT) was found to be 73.89%. Results indicate that FRLP
has considerable potential to be used as biosorbent for
metal removal from the water bodies.

Sorption of metal was studied from pH range 2.5 to
8.5. Biosorption efficiency of the target leaf biomass for

Table 1: Soluble Ni (IT) ion concentration (uM) after adsorption on Ficus religiosa leaf Powder (FRLP) as functions
of contact time, particle size and biomass dosage at volume (200 ml), and pH (6.5)

Initial Conc. (uM)
10 20

Time Interval (minutes)

30 40 60

Biomass dosage (2.0 g)

03.412

17.06

34.12

85.32

170.64

341.29

Correlation coefficient (R)
Biomass dosage (4.0 g)
03.41%

17.06

34.12

85.32

170.64

341.29

Correlation coefficient (R)
Biomass dosage (6.0 g)
03.41

17.06

34.12

85.32

170.64

341.29

Correlation coefficient (R)

02.73+0.15%%¢
11.94+0.54%"
22.01+1.01%
48.46+2.16*"
96.72+4.64%
193.17+9.65*""
0.96

01.97+0.10%"
08.49+0.45%"
14.94+0.79**
32.80+1.73%"
65.49+3.53%"
130.71+6.79%""
0.96

01.97+0.11%"¢
08.49+0.45%"
14.91+0.76*"
32.74+1.57
65.35+3.59%"
130.30+6.25%""
0.95

02.45+0.13*"
10.85+0.52%"
19.72+0.92%"
42.45+2.16%"
84.67+4. 14
169.07+7.60*""
0.97

01.60+0.09%"
06.99+0.37%"
12.49+0.66*"
26.05+1.38%"
52.01+2.80%""
103.72+£5.39*""
0.97

01.60+0.09%"
06.99+0.37%"
12.45+0.67%"
25.98+1.35%"
51.80+2.84%"
103.31+5.16*""
0.95

02.28+0.12%"
10.20£0.51%"
18.08+0.90%"
39.21£1.96%"
78.25+3.91%
156.00£7.02*""
0.97

01.39+0.07%"
06.14+0.34%"
11.26+0.58*"
22.78+1.13%"
45.42+2.36*""
90.61+4.80%""
0.95

01.39+0.08*"
06.14+0.34%"
11.22+0.60%"
22.68+1.22%"
45.25+2.39*""
90.23+4.51%""
0.93

02.18+0.11%°
09.72+0.48%"
17.06+0.85%"
36.58+1.82%"
72.90+3.64%
145.56+6.98*""
0.98

01.33+0.07%"
05.76+0.29%"
10.22+0.52%"
20.78+1.07%"
41.39+£2.06""
82.55+4.29%""
0.98

01.33+0.07%"
05.76+0.29%"
10.20+0.53%"
20.71£1.11%°
41.26+£2.18*""
82.21+4.27%
0.95

02.18+0.10%*"
09.69+0.50**
17.03+£0.85"
36.48+1.75"
72.76+£3.63"
145.25+£6.97"
0.99

01.33£0.07**"
05.76+0.29**"
10.20+£0.51"
20.71£1.03**
41.29+2.06"""
82.32+44. 11"
0.99

01.33+0.08**"
05.76+0.29**"
10.17+£0.52*
20.64+1.07
41,122,177
82.01+4.26"""
0.96

#Number in parenthesis represent soluble metal concentrations in uM.,
® Standard deviation values of replicate (N=3) determinations.

Mean difference [initial Ni (II) loaded (uM) versus soluble Ni (II) (uM)] as functions of

Time *significance (p < 0.10), *insignificance (p > 0.10).
Metal concentration ‘significance (p < 0.01), “insignificance (p > 0.01).

Biomass dosage %significance (p < 0.01), *®insignificance (p > 0.01).
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Ni (II) ions in the pH range 2.5 to 4.5 did not vary
significantly. However, there was a sharp increase in the
sorption efficiency at further rise in pH from 4.5 to 6.5,
thereby attaining a maximum value at pH 6.5 and
onwards. Investigation on pH variation beyond 7.5
yielded an apparent increase in sorption up to pH 8.5,
which might be due to precipitation carry over of metal
starting at pH 7.5 onwards (Igbal et al., 2002). Ni (II)
precipitation is undistinguishable from sorption
phenomenon at pH 7.5 (Ajmal et al., 2003). Studies would
therefore have to be carried out to provide an insight into
the mechanism of interactions between metal and FRLP.

Metal biosorption is a rather complex process affected
by several factors, among which pH of the solution is
the most prominent. pH not only influences functional
group dissociation but also the chemistry of metals in a
solution. In order to understand how metal binds to the
biomass, it is essential to identify the functional groups
responsible for metal binding. On the basis of our
experimental findings and relevant literature, we
synthesize a possible mechanism for metal binding to
the FRLP biomass. The aqueous solution of leaf is a
heterogeneous complex mixture with various functional
groups, particularly low molecular weight amino acids
(Tegbe et al., 2006). These proteinaceous amino acids
have a variety of structurally related pH dependent
properties of generating either positively or negatively
charged sites for attracting the anionic or cationic species
of metal ions, respectively (Costa et al., 1997). The
majority of amino acids present in Ficus religiosa leaf
powder have isoelectric point in the pH range 4.0-8.0
(Delvin, 2002). In this range of pH over 90% of the amino
acid molecules are in the ionized state i.e. they have both
positively charged amino groups and negatively charged
carboxylic group. As observed sorption tendency of metal
is very less at lower pH values. This is because at lower
pH, binding sites (amino acid moieties) in the biomass
are generally protonated thus electrostatic repulsion
between cationic metallic species and positively charged
amino groups seems to predominate. Our experimental
findings showed that optimum sorption for nickel ion
were recorded at pH 6.5. At this pH, more negatively
charged carboxylic groups become available thus
facilitating greater metal uptake. The sorption behaviour
of the target plant biomass for Ni (II) species has been
depicted in Figure 1.

Biomass Characterization

Nickel interaction with target leaf biomass (FRLP) can
further be highlighted on the basis of IR spectrum. The
IR spectrum of the solid phase of untreated (native) and
nickel treated samples reflects the complex nature of the

M* [Ni (II)]

lonic interaction

[NH2 - CH, -CO0’]

Isoelectric point T deprotonated
[NH2 - (CHy) , - COOH]
Amino acid

25 35 45 55 65 7.5 8.5
pH

Figure 1: pH profile and aminoacid-metal (Ni (II))
interaction.

biomass. The characteristic peak shifting of carboxylate
ion from (1463.86 and 1682.14 cm™') to 1534.89 and
1775.98 cm™! corroborates the electrostatic attraction
between carboxylic ion and positively charged metal
species. The powered FRLP sieved at 105 um had a
surface area of 4.17 m?/g. Figure 2 represents the
scanning electron micrograph of untreated Ficus religiosa
leaf powder. Morphology seems to be of large spherical
clusters having pore size: 0.17 um; pore area: 6.47 pm?>.
Figure 3 represents dense agglomerated, etched dendrite
type morphology having pore size: 0.04 pm, pore area:
0.73 um? which is in sharp contrast to spherical type
clusters appeared in untreated Ficus religiosa leaf powder.
Observed aggregation and reduction of pore size and pore
area in treated biomass of Ficus religiosa leaf powder
indicates the liquid phase concentration of removed metal
ions at experimental pH thus confirming the phenomenon
of biosorption.

Sorption Capacity using Isotherms

The extent of Ni (II) sorption on FRLP has been described
by Langmuir isotherm. According to Langmuir model,
maximum biosorption capacity (Q,) and energy of
adsorption (b) for Ni (II) was found to be 2.51 and 0.36
which indicate its favourable sorption. Moreover, high
value of the correlation coefficient of the linear regression
(R%= 0.98) indicate that adsorption data fitted well to
Langmuir isotherms. The linearity of Langmuir plots
suggested the formation of homogenous monolayer of
Ni (IT) on the outer surface of the biosorbent. Maximum
metal uptake on LLSP was 2.38 mg/g in single metal
solution.

Regeneration and Biomass Reusability

In order to design the proposed process of sorption more
economical, attempts were made to regenerate the metal-
treated biomass for its effective reuse. The recyclability
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1‘ J

Figure 2: Scanning electron micrograph of untreated
FRLP showing large spherical cluster type
morphology.

of the FRLP with desorption reagents in the acid, basic
and neutral media were tried at varying contact times. It
is inferred that desorption in the acidic media for metal
ions were rapid and higher than in basic and neutral
media. In the basic media, less than 20% of the metal
ions were recovered from the metal-laden biomass.
Insignificant level (<4%) of desorption was recorded
for distilled water. In acidic medium the carboxyl group
present in the FRLP is protonated and might lose affinity
for positively charged metal ions and protons replaced
the bound metal ions. The poor desorption (< 20%)
observed in basic medium may be ascribed to depro-
tonated co-ordinating ligands-bound metal ions which
may find it difficult to be detached from the biomass.
The data also indicates that desorption is a time dependent
variable.

The kinetics of desorption assess the overall per-
formance of desorbing reagent. The pseudo-first order
kinetics of desorption K ., was used to evaluate the
release constant. The larger the value of K, greater the
desorption. The release constant, K., and value of
desorbable fraction (¢) for Ni (II) metal ion are 8.02 x
1072 and 0.86 obtained from the regression lines (Figure
4). Further, the release constant of the acid reagent was
double compared to the basic reagent. Among the acid
eluents, hard acid (0.05 M Nitric acid) showed higher
desorption, whereas comparatively low desorption rate
was achieved with soft acid (0.5 M Citric acid). The
regeneration of the biomaterial with nitric acid (0.05 M)
sorption of metals on regenerated FRLP remained
constant up to 3 cycles and then started decreasing. Citric

L= SE1 EHT= 200KV WD~ 24 mm
50. Opm

PHOTO= 20098

" 'P\ *

R LD

Figure 3: Scanning electron micrograph of Ni (II)
treated FRLP showing dense agglomerated, etched
cluster type morphology.

acid (0.5 M) elution of the metals resulted into the
reusability of the biomaterial for four cycles.

Conclusion

The laboratory based findings open up new avenues in
the abatement of nickel by Ficus religiosa leaf powder
which is infact an agricultural waste. Thus, it introduces
a less expensive, domestic and environment friendly
green method for the removal of nickel from water bodies.
To add, Ficus religiosa leaf biomass is non-toxic,
biodegradable and environmentally acceptable than
chemical coagulants. It could be a potential challenge as
primary coagulant and can be used as a pre-treatment
step for the large scale removal of toxic metals from
aqueous media, leading a step towards sustainable
development of environment.

0 T T T T 1

050 20 40 100
[ —
g —e—Ni-acid
L:, 15 —=—Ni-base
2 /‘/‘/’

-2.54

time (min.)

Figure 4: Pseudo-first order desorption kinetics on the
recovery of Ni (II) from metal loaded FRLP.



82 Pritee Goyal et al.

Acknowledgements

Authors gratefully acknowledge Prof. V.G. Das, Director,
Dayalbagh Educational Institute and Prof. L.D Khemani,
Head, Department of Chemistry, Agra for providing the
necessary research facilities. Dr. T.K. Roy, Central Pulp
and Paper Research Institute and Prof. K.K. Pant,
Department of Biochemical Engineering and Bio-
technology, Indian Institute of Technology, Delhi, are
gratefully acknowledged for recording scanning electron
micrographs and BET surface area. The authors are also
grateful to Prof. Satya Prakash, Emeritus Professor of
the Department for fruitful scientific discussions.

References

Ajmal, M., Rao, A.K.R., Rais, A. and J. Ahmad (2003).
Adsorption studies on rice husk: removal and recovery of
Cd (II) from wastewater. Bioresource Technology, 86: 147—
149.

Basso, M.C., Cerrella, E.G. and A.L. Cukierman (2002).
Activated carbons developed from a rapidly renewable
biosource for removal of cadmium and nickel ions from
dilute aqueous solutions. Journal of Industrial Engineering
and Chemical Research, 41: 180—189.

Costa, G., Michant, J.C. and G. Guckert (1997). Amino acid
exuded from cadmium concentration. Journal of Plant
Nutrition, 20: 883-900.

Delvin, S. (2002). Amino acid and proteins, 1st edn. IVY
Publishing House, New Delhi.

Goyal, P., Sharma, P., Srivastava, S. and M.M. Srivastava
(2007a). Potential of Saraca indica leaf powder (SILP) for
chromium removal from aqueous solution. Archives of
Environmental Protection, 33 (2): 35-44.

Goyal, P., Srivastava, M.M. and S. Srivastava (2007b). Ficus
religiosa leaf powder: A green and economical biomaterial
for the removal of Cd (II) ions from aqueous solution.
Journal of Nuclear Agriculture and Biology, 36 (1-2): 16—
27.

Goyal, P., Sharma, P., Srivastava, S. and M.M. Srivastava
(2008a). Saraca indica leaf powder for decontamination
of lead: Removal, recovery, adsorbent characterization and
equilibrium modelling. International Journal of Environ-
mental Science and Technology, 5(1): 27-34.

Goyal, P. and S. Srivastava (2008b). Role of biosorbent Ficus
religiosa leaf powder (FRLP) in chemical speciation of
chromium: A green method for separation. Archives of
Environmental Protection, 34(2): 35-45.

Goyal, P. and S. Srivastava (2009). Characterization of novel
Zea mays based biomaterial designed for toxic metals
biosoption. Journal of Hazardous Material, 172: 1206—
1211.

Igbal, M., Saeed, A. and N. Akhtar (2002). Petiolar sheath of
palm: A new biosorbent for the removal of heavy metals
from contaminated water. Bioresource Technology, 81: 151—
153.

Isabella, V., Nuria, F., Maria, M., Nuria, M., Jordi, P. and S.
Joan (2004). Removal of copper and nickel ions from
aqueous solutions by grape stalk wastes. Water Research,
38: 992-1002.

Kardam, A., Goyal, P., Arora, J.K., Raj, K.R. and S. Srivastava
(2009). Novel biopolymeric material: Synthesis and
characterization for decontamination of cadmium from
wastewater. National Academy of Science Letter, 32: 179—
181.

Kumari, P., Sharma, P., Srivastava, S. and M.M. Srivastava
(2005). Arsenic removal from the aqueous system using
plant biomass: A bioremedial approach. Journal of Indus-
trial Microbiology Biotechnology, 32: 521-526.

Kumari, P., Sharma, P., Srivastava, S. and M.M. Srivastava
(2006). Biosorption studies on shelled Moringa oleifera
Lamarck seed powder: Removal and recovery of arsenic
from aqueous system. International Journal of Mineral
Processing, 78: 131-139.

Meunier, N., Laroulandie, J., Blais, J.F. and R.D. Tyagi (2003).
Cocoa shells for heavy metal removal from acidic solutions.
Bioresource Technology, 90: 255-263.

Nicholas, R., Steven, P.K. and K. Claussen (2003). Lead and
nickel removal using Microspora and Lemna minor.
Bioresource Technology, 89: 41-48.

Srivastava, M.M., Chauhan, A., Kumari, P., Sharma, P. and S.
Srivastava (2005). Adsorption behaviour of cadmium and
nickel from aqueous solution by Saraca indica Linn. leaf
powder. Archives of Environmental Protection, 31(3): 59—
69.

Sharma, P., Goyal, P. and S. Srivastava (2007b). Biosorption
of trivalent and hexavalent chromium from aqueous systems
using shelled Moringa oleifera seeds. Chemical Speciation
& Bioavailability, 19 (4): 175-181.

Tegbe, T.S.B., Adeyinka, I.A., Baye, K.D. and J.P. Alawa
(2006). Compositional and nutritional attributes of seeds
from the multipurpose tree Ficus religiosa. Pakistan Journal
of Nutrition, 5(6): 548-554.

U.S. Environmental Protection Agency (1997). Integrated Risk
Information System (IRIS) on Nickel. Environmental
Criteria and Assessment Office, Office of Health and
Environmental Assessment, Office of Research and
Development, Cincinnati, OH.

Yan, G. and T. Viraraghavan (2004). Heavy metal removal in
a biosorption column by immobilized M. rouxii biomass.
Bioresource Technology, 78(3): 243-249.




<<
  /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 /LeaveColorUnchanged
  /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


