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Abstract: The present study deals with the utilization of psyllium and acrylic acid based hydrogels, synthesized under the
influence of γ-radiations, in sustained delivery of copper sulfate, used as a fungicide in agricultural fields. Swelling behavior
of the synthesized hydrogel was investigated in distilled water as functions of time, temperature, and pH. It was found that the
hydrogel showed maximum of 10,578 % swelling at 25 °C for 24 h. The hydrogel was then checked for its sustained fungi-
cide release behavior. It was observed that the hydrogel has been found to follow Non-Fickian type mechanism for the fungi-
cide release. The ‘n’ and ‘k’ have been found to be 0.71 and 7.61×10-3, respectively.
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Introduction

Functionalized bio-polymers have successfully taken over

the era of synthetic polymers, for being cost-effective,

biodegradable, environmentally friendly, and efficient. These

bio-polymers have been used in various applications such as

waste-water treatment [1], drug-delivery technology [2,3],

and membrane technology [4]. Various bio-polymers have

been previously modified and used efficiently as flocculants

[5,6] and metal ion sorbents [7,8]. These modified bio-

polymers have also been used as adsorbents owing to their

water absorbing capacity.

Recent years have witnessed tremendous applications of

pesticides, herbicides, fungicides, and fertilizers. These

chemicals were exploited without considering the disadvantages

of the same. After being used for at least two to three

decades, the world is witnessing the hazardous effects of

these chemicals. The properties of pesticides such as

volatility, leaching, and photo-degradation led to increased

dosage of pesticides. The presence of excess pesticides in

soil can prove harmful in many ways. Also only little

amount (5-10 %) of the applied chemicals were effectively

used, the rest being washed away by rain and thereby,

reaching the human and aquatic life cycle. Pesticides are one

of the major components of water pollution which can enter

living species through water cycle, thereby disturbing the

food chain. These chemicals act on the nervous system,

circulatory system, and genetic system, hence, creating

disorders which may be carried over to generations together.

Controlled release of pesticides can thus be a major remedial

factor which can follow the drug release mechanism

occurring through diffusion, degradation, or a combination

of both. Controlled pesticide delivery by the use of

polymeric materials is a field of research which is not much

explored by the scientists. Dogan [9] studied the in vitro

effect of some pesticides such as lambda-cyhalothrin,

deltametrin, diozinon, dorzolamide, and brinzolamide on

carbonic anhydrase enzyme obtained from the blood of fish

Oncorhynchus mykiss and Cyprinus carpio carpio and

compared it with carbonic anhydrase inhibitors. It has been

found that the most effective inhibitor of carbonic anhydrase

enzyme within pesticides was deltametrin. Fernandez-Perez

et al. [10] studied the use of polymeric matrix to reduce the

leaching of herbicide (diuron) into the soil and hence the

ground water contamination. The use of polymeric matrix

loaded with pesticides help in attaining sustained activity

[11], reducing evaporation, photo-degradation [12], and

leaching [13].

Modification of natural polysaccharides for use in

sustained fungicide release has not been much explored and

hence attracting a lot of attention from scientists.

Experimental

Materials and Method

Psyllium (Sidhpur Sat-Isabgol Factory), acrylic acid

(Merck-Schuchardt), hexamethylene tetramine (LOBA Chemie

Pvt. Ltd.), and copper sulfate (SD Fine) were used as

received.

FTIR spectrum was taken on a Perkin Elmer spectro-

photometer and an electronic balance (LIBROR AEG-220,

Shimadzu) was used for the weighing purpose. An X-ray

diffractometer (BRUKER AXS D8 ADVANCE) was used

for X-ray diffraction studies. The X-ray diffraction counts at

2θ angles close to 21.297 and 34.744 º were used for

determining the crystalline index (C.I.), which measures the

orientation of the crystals in a polysaccharide to the

polysaccharide axis. The counter reading at peak intensity of*Corresponding author: kgrewalcg@gmail.com
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21.297 º is said to represent the crystalline material and the

peak intensities at 34.744 º corresponds to the amorphous

material in psyllium [14]. Percentage crystallinity (%Cr)

[15] and the crystalline index [16] were calculated as

follows:

where I21.297 and I34.744 are the crystalline and amorphous

intensities at 2θ scale close to 21.297 and 34.744 º,

respectively. The drug release studies have been carried out

using a UV-VIS spectrophotometer (Systronics 118).

Synthesis

1 g of psyllium is mixed with 7.25×10-1 mol·l-1 of acrylic

acid in a reaction flask containing aqueous medium followed

with the addition 7.133×10
-2 

mol·l
-1 

of hexamethylene

tetramine to the reaction mixture in the presence of γ-

radiations. The reaction was carried out for 600 min. The

polymer was separated from the product mixture by stirring

it in water for 3-4 h. The hydrogel was then dried in a hot air

oven at 40 oC. 

Fungicide Loading

Saturated aqueous solution of the fungicide was prepared

and its wavelength for maximum absorption was noted

down. 750 mg of the polymeric sample was immersed in

100 ml of fungicide solution for 24 h. The polymer was then

taken out from the solution, wiped off, and was kept for

drying. Any fungicide molecule adhering to the polymer

surface was removed from the dried fungicide-loaded

polymer by washing with distilled water and then was

studied for fungicide release kinetics as a function of release

time using a UV-VIS spectrophotometer. Release kinetics

was studied every 2 hours.

Mathematical Analysis

The empirical equation used to describe the water uptake

which is the weight gain (Ms) can be presented as:

(1)

where k and n are constant. n = 0.5 revealed the normal

Fickian diffusion whereas n = 1.0 signifies Case II diffusion.

Non-Fickian or anomalous diffusion is characterized with

value of n between 0.5 and 1.0 [17]. Evaluation of drug

release from the swellable polymers can be evaluated from

the above power law expression [18]. Here, Ms is replaced

with Mt /M∞
 and the expression is modified as:

(2)

where Mt /M∞
 is the fractional release of drug in time t. k is

the constant which is characteristic of polymer-drug system.

n is the diffusion exponent characteristic of the release

mechanism. Values of n and k can be evaluated from the

slope and intercept of the plot between ln Ms/M∞
 versus ln t,

respectively.

Diffusion Coefficients

Diffusion coefficients can be used for the analysis of drug

release from various hydrogels. Diffusion process can be

adequately described through Fick’s first and second laws.

Integral diffusion for the cylindrical hydrogel can be given

as [19]:

(3)

where is the fractional release, Mt is the drug released at time

t, M
∞
 is the drug release at equilibrium, D is the diffusion

coefficient, and l is the thickness of the sample.

The average diffusion coefficient (DA) for the 50 % release

of the drug can be calculated by putting Mt /M∞
=0.5 in

Eq. (3), and can be presented as:

(4)

where t1/2
 is the time required for the 50 % release of drug.

Equation (5) gives the value of late diffusion coefficient

and can be calculated as:

(5)

The slope of plot between  and time t can

also be used for the evaluation of DL.

(6)

Results and Discussion

Absorption of water from the environment affects the

dimensional and physicochemical properties of the hydrogel

systems. The diffusion of water or drug in the hydrogels has

been classified into three types of mechanisms based on

relative rate of diffusion and polymer relaxation: Case-I or

Fickian type diffusion, non-Fickian type diffusion, and

Case-II diffusion [17].

Hydroxyl groups present in the arabinoxylan, which is

composed of xylopyranose straight chain with arabinofuranose

branches at 2 or 3 positions and is a mucilage forming

fraction of psyllium, are the active sites for the graft

copolymerization of monomer onto it [20]. Mechanism for

graft copolymerization of the monomer onto psyllium under

the influence of γ-radiations can be presented through the

following mechanism:
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Initiation

nM M*
n (1)

H2O H* + *OH (2)

Psy-OH Psy-O* + H* (3)

Psy-OH + *OH Psy-O* + H2O (4)

M + *OH *M-OH  (5)

Propagation

Psy-OH + *M-OH Psy-O-M* + H2O  (6)

Psy-O-M* + n M Psy-O-(M)n-M
* (7)

Psy-O* + n M Psy-O-(M)n-1M
* (8)

*M-OH + n M HO-(M)n-M
* (9)

Termination

Psy-O-(M)n-M
*+M*-(M)n-O-Psy

Psy-O-(M)n-M2-(M)n-O-Psy Graft co-polymer  (10)

Psy-O-(M)n-1M
* + M*-(M)n-1-O-Psy

Psy-O-(M)n-1-M2-(M)n-1-O-Psy Graft co-polymer (11)

Psy-O-(M)n-M
* + *OH Psy-O-(M)n+1-OH (12) 

HO-(M)n-M
* + *M-(M)n-OH

HO-(M)n-M2-(M)n-OH Homopolymer (13)

where

γ-Radiations initiate the monomer moiety and psyllium by

creating free radical sites on it. Also, water dissociates to
*OH in the presence of radiations. On the other hand, *OH

attacks psyllium resulting in the creation of a free radical.

Free radicals on monomer moiety are generated through the

attacks of OH*. The activated monomer molecules react with

the back-bone polymer resulting in the formation of graft

copolymers and the reaction propagates further. However,

the termination of the reaction takes place either by reaction

between 
*
OH and backbone free radical or the reaction

between two activated chains.

Radiatons

Radiatons

Radiatons

Table 1. Scheme for optimization of various reaction parameters

Sample No.
Gamma-radiation 

dose KGy/h

Amount of 

solvent (ml)

Monomer 

concentration (mol/l)

Crosslinker 

concentration (mol/l)
Percent grafting Percent swelling

1 6.48 20 7.25 × 10-1 1.783 × 10-2 98 -

2 12.96 20 7.25 × 10-1 1.783 × 10-2 101 -

3 19.44 20 7.25 × 10-1 1.783 × 10-2 106 -

4 25.92 20 7.25 × 10-1 1.783 × 10-2 124 -

5 32.4 20 7.25 × 10-1 1.783 × 10-2 110 -

6 25.92 10 7.25 × 10-1 1.783 × 10-2 49 -

7 25.92 15 7.25 × 10-1 1.783 × 10-2 65 -

8 25.92 20 7.25 × 10-1 1.783 × 10-2 124 -

9 25.92 25 7.25 × 10-1 1.783 × 10-2 0 -

10 25.92 30 7.25 × 10-1 1.783 × 10-2 0 -

11 25.92 20 3.625 × 10-1 1.783 × 10-2 - 2000

12 25.92 20 7.25 × 10-1 1.783 × 10-2 - 2175

13 25.92 20 10.87 × 10-1 1.783 × 10-2 - 2160

14 25.92 20 14.5 × 10-1 1.783 × 10-2 - 1900

15 25.92 20 18.127 × 10-1 1.783 × 10-2 - 1990

16 25.92 20 7.25 × 10-1 1.783 × 10-2 - 2175

17 25.92 20 7.25 × 10-1 3.566 × 10-2 - 8763

18 25.92 20 7.25 × 10-1 5.349 × 10-2 - 9422

19 25.92 20 7.25 × 10-1 7.133 × 10-2 - 10578

20 25.92 20 7.25 × 10-1 8.916 × 10-2 - 8986

Psy-OH=

M=
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Synthesis

The different reaction parameters such as γ-radiation dose,

amount of solvent, monomer concentration, and crosslinker

concentration were optimized and the scheme for optimization

of the reaction parameters is illustrated in Table 1. 

Characterization

FTIR Spectroscopy

IR spectrum of psyllium (Figure 1(a)) showed peaks at

3780.9 cm-1 and 3427.6 cm-1 (O-H stretching absorption of

carbohydrates), 2925.8 cm
-1

 (CH2 asymmetric stretching),

1378.8 cm-1 (CH, CH2, and OH in-plane bending in

carbohydrates), 1039.5 cm-1 (C-O stretching region as

complex bands, resulting from C-O and C-O-C stretching

vibrations), 897 cm-1, and 533 cm-1 (pyranose rings).

On the other hand, IR spectrum of Psy-cl-poly(AA)-UR

(Figure 1(b)) showed peaks at 2856.0 (O-H stretching of

carboxylic acid), 1731.3, and 1631.8 cm
-1

 (C=O stretching

in carboxylic acid).

X-ray Diffraction Studies

It has been observed that psyllium exhibited 75.76 %

percentage crystallinity and crystalline index was found to

be 0.68 and Psy-cl-poly(AA)-UR exhibited 78.12 % Cr and

0.72 C.I. (Table 2).

It is evident from Figure 2 that Psy-cl-poly(AA)-UR

showed higher crystallinity than psyllium. This behavior can

be attributed to re-structuring of the crystal lattice during

graft copolymerization under the influence of γ-radiations,

leading to higher % Cr. The 2θ, I, and d-values of graft

copolymer have been found to be quite different than those

of psyllium. This behavior is due to the involvement of

primary bonding like covalent bonding between psyllium and

acrylic acid during graft copolymerization.

Swelling Studies in Distilled Water 

Effect of Time on Percent Swelling

It has been observed that P
s
 increased with an increase in

swelling time and a maximum swelling (10,578 %) was

found at 24 h time interval at 25 °C. Further increase in time

interval resulted in constant P
s (Figure 3). This can be

explained on the basis of the fact that after 24 h the porous

network of the polymer got saturated with the solvent

molecules with no more accommodation for further solvent

molecules.

Effect of Temperature on Percent Swelling

As is evident from Figure 3 that P
s
 increased with an

increase in swelling temperature and maximum P
s
 (10,578 %)

was found at 25
o
C. Further increase in temperature resulted

Figure 1. (a) FTIR Spectrum of psyllium and (b) Psy-cl-poly(AA)-

UR.

Table 2. Percentage crystallinity (%Cr) and Crystalline Index (C.I.) of Psyllium and Psy-cl-poly(AA)-UR

Sr.No. Sample Pg

At 2θ-scale
%Cr C.I.

I21.297 I34.744

1. Psyllium - 100 32 75.76 0.68

2. Psy-cl-poly(AA)-UR 124.0 100 28 78.12 0.72

where I = relative intensity, UR = under radiations, Pg = percent grafting.

Figure 2. XRD of psyllium (REF) and Psy-cl-poly(AA)-UR

(M2R). 
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in decreased P
s
. It was due to the fact that beyond optimum

temperature, the polymer matrix starts crumbling, thereby,

leading to desorption and decreased P
s
. 

Effect of pH on Percent Swelling

The polymer was found to disintegrate under acidic and

alkaline medium, exhibiting maximum P
s
 in neutral medium.

This can be explained on the basis that the backbone

polymer was found to be unstable under alkaline and acidic

conditions, i.e., it does not form uniform mucilaginous

mixture in alkaline and acidic solutions as was formed under

neutral medium and hence the polymer got disintegrated

under such conditions.

Release Kinetics of Fungicide

Release of copper sulfate by the loaded polymeric gels in

the medium (pH-6.0) was carried out at λmax=830 nm.

Psy-cl-poly(AA)-UR has been found effective in sustained

fungicide delivery. Figure 4(a) shows the fungicide release

pattern of Psy-cl-poly(AA)-UR with 63 ppm fungicide

release at 2 h interval and 292 ppm release in 16 h,

respectively. Psy-cl-poly(AA)-UR showed non-Fickian type

mechanism for the fungicide release which is evident from

the values of n = 0.71 and k = 7.61×10-3 (Figure 4(b)). The

non-Fickian behavior has further been confirmed from

Figure 4(d) [21]. Initial diffusion coefficient has been found

to be less than late diffusion coefficient indicating lesser

fungicide release in the early stages of diffusion that that in

the late stages (Table 3 and Figure 4(c)).

Conclusion

The forgone study dealt with the utilization of

superabsorbent, based on psyllium and acrylic acid and

synthesized under the influence of γ-radiations, in the

sustained fungicide delivery system. It was found that the

superabsorbent has tremendous water absorbing capacity

and is sensitive towards pH as well as temperature. The

hydrogel has been found to be quite effective in the

sustained release of CuSO4. Hence, the superabsorbent can

be efficiently used in the controlled release of fungicide,

insecticide, pesticide, and fertilizers.

Acknowledgement

We are thankful to Ministry of Human Resource

Development, New Delhi for their financial support during

the course of the work and the faculty members of

Department of Chemistry, Himachal Pradesh University, for

their constructive discussion on this work.

References

1. A. Mishra and M. Bajpai, J. Hazard. Mater., 118, 213

(2005).

Figure 3. Effect of swelling time and temperature onto Ps of Psy-

cl-poly(AA)-UR in distilled water.

Figure 4. (a) Sustained release of copper sulfate with Psy-cl-

poly(AA)-UR as a function of time at pH=6.0, (b) plot of ln Mt /M∞

versus ln t for the copper sulfate release behavior of Psy-cl-

poly(AA)-UR at pH=6.0, (c) plot of ln (1-Mt/M∞
) versus time for

the copper sulfate release behavior of Psy-cl-poly(AA)-UR at

pH=6.0, and (d) plot of Mt /M∞
 versus t1/2 for the copper sulfate

release behavior of Psy-cl-poly(AA)-UR at pH=6.0.

Table 3. Diffusion exponent, gel characteristic constant, and diffusion coefficients for the release of copper sulfate through loaded polymeric

gels at pH=6.0

Sample code
Diffusion exponent

 (n)

Gel characteristic 

constant (k×10-3)

Diffusion coefficients (cm2/min)

Di×10-5 DA×10-5 DL×10-5

Psy-cl-poly(AA)-UR 0.71 7.61 0.304 0.497 0.9287

where Di = Initial diffusion coefficient, DL = late diffusion coefficient, DA = average diffusion coefficient.



152 Fibers and Polymers 2010, Vol.11, No.2 Kiran Kumar and B. S. Kaith

2. M. Zou, H. Okamoto, G. Cheng, X. Hao, J. Sun, F. Cui,

and K. Danjo, Eur. J. Pharm. Biopharm., 59, 155 (2005).

3. S. A. Agnihotri and T. M. Aminabhavi, J. Control. Rel.,

96, 245 (2004).

4. J. Huang, X. I. Wang, and X. H. Yu, Desalination, 192,

125 (2006).

5. A. Mishra, M. Agarwal, M. Bajpai, S. Rajani, and R. P.

Mishra, Iran. Polym. J., 11, 381 (2002).

6. A. Mishra, R. Srinivasan, M. Bajpai, and R. Dubey,

Colloid Polym. Sci., 282, 722 (2004).

7. W. Ciesielski and P. Tomasik, Thermochim. Acta, 403, 161

(2003).

8. D. Balkose and H. Baltacioglu, J. Chem. Technol.

Biotechnol., 54, 393 (1992).

9. S. Dogan, J. Hazard. Mater., A132, 171 (2006).

10. M. Fernandez-Perez, M. Villafranca-Sanchez, E. Gonzalez-

Pradas, and F. Flores-Cespedes, J. Agr. Food Chem., 47,

791 (1999).

11. C. B. Coffman and W. A. Gentner, Weed Sci., 28, 21

(1980).

12. M. M. Schreiber, B. S. Shasha, M. A. Ross, P. L. Orwick,

and D. W. Edgecomb, Weed Sci., 26, 679 (1978).

13. J. R. Baur, J. Environ. Qual., 9, 379 (1980).

14. A. Mishra, M. Agarwal, M. Bajpai, S. Rajani, and R. P.

Mishra, Iran. Polym. J., 11, 381 (2002).

15. A. M. Agrawal, R. V. Manek, W. M. Kolling, and S. M.

Neau, AAPS Pharm. Sci. Tech., 4, 1 (2003).

16. L. C. Segal, A. E. Martin, and C. M. Conrad, Text. Res. J.,

29, 786 (1959).

17. T. Alfrey, E. F. Gurnee, and W. G. Lloyd, J. Polym. Sci.

Pol. Lett., 12, 249 (1966).

18. P. L. Ritger and N. A. Peppas, J. Control. Release, 5, 23

(1987).

19. P. L. Ritger and N. A. Peppas, J. Control. Release, 5, 37

(1987).

20. M. H. Fischer, N. Yu, G. R. Gray, J. Ralph, L. Anderson,

and J. A. Marlett, Carbohydr. Res., 339, 2009 (2004).

21 V. M. Patel, B. G. Prajapati, H. V. Patel, and K. M. Patel,

AAPS Pharm. Sci. Tech., 8, 77 (2007).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /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 <>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


