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Abstract: Jute yarns were cured with acrylic acid (AA) and phosphoric acid (PA) using UV radiation in order to prepare
selective ion adsorbent. A series of formulations were prepared in methanol containing varying percentages of (10-70 %) of
AA and 2 % photo-initiator (PI) (Darocur-4043). jute yarns were soaked in this formulation for various soaking times (10-30
min) and cured under UV radiation of different intensities (20-50 UV passes). Concentration of AA, soaking time and inten-
sity of UV radiation were optimized based on polymer loading (PL). The maximum PL (21 %) was observed for 50 % AA
solution for 20 min soaking time at 40 UV passes. Various formulations were prepared using 5-15 % (w/w) of phosphoric
acid, 50 % AA and 2 % PI in methanol. Then jute yarns were soaked in this solution for 20 min and irradiated at 40th UV
pass. The concentration of PA was again optimized for maximum PL. It was found that the formulation containing 10 % PA,
50 % AA, 38 % methanol and 2 % PI showed 70.95 % of PL. To investigate the adsorbent behavior, a 10 ppm CuSO4 solu-
tion was prepared and then grafted yarns were soaked in the solutions for 30-300 min at different conditions. After withdraw-
ing the yarns, the remaining copper in the solution were measured by atomic absorption spectrophotometer (AAS). It was
revealed that copper was successfully removed by using the grafted jute yarns.
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Introduction

Jute is a natural biodegradable renewable lignocellulose

raw material composed mainly of cellulose (58-63 %),

hemicellulose (20-22 %), and lignin (13-15 %). In addition,

a part of the lignin and hemicelluloses are linked chemically

through ester linkage formed by the carboxyl groups of

lignin. The purity and chemical structure of this cellulose

affects its reactivity to chemical and radiation treatment. In

addition to those major constituents, jute also contains a

trace of organic and inorganic pigments. Jute has high tensile

modulus; it suffers low elongation at break compared to that

of other natural cellulose bers [1].

Many industries, including mining and electroplating,

discharge aqueous effluents containing relatively high levels

of heavy metals, e.g., copper, uranium, cadmium, and

mercury. Untreated effluents from these manufacturing

processes have an adverse impact on the environment [2-5].

Heavy metals released into the environment have been

increasing continuously as a result of industrial activities and

technological development, posing a significant threat to the

environment and public health because of their toxicity,

accumulation in the food chain, and persistence in nature.

However, it has been proven that large amounts of many

heavy metals, such as copper, lead, cadmium, or mercury

seriously affect human health. The human body cannot

process and dispose of the metals. As a result they are

deposited in various internal organs. Large deposits may

cause adverse reactions and serious damage to the body.

Those toxic metals can cause the symptoms of memory loss,

increased allergic reactions, high blood pressure, depression,

mood swings, irritability, poor concentration, aggressive

behavior, sleep disabilities, fatigue, speech disorders, high

blood pressure, cholesterol, triglycerides, vascular occlusion,

neuropathy, autoimmune diseases and chronic fatigue.

Traditional methods used for the removal of heavy metals

from the environment are in general expensive and

potentially risky due to the possibility of the generation of

hazardous by-products. Physical and chemical methods have

been proposed and applied to remove metal ions from

effluents, but, in general, these methods are commercially

impractical, either because of high operating costs or the

difficulty in treating the solid wastes generated [6-8]. For

example, the use of conventional technologies, such as ion

exchange, chemical precipitation, reverse osmosis, and

evaporative recovery, for this purpose is often inefficient

and/or very expensive. Various conventional resins or

adsorbents (natural and synthetic) are used. But the fact is

that those resins are costly in some cases. If an effluent

discharged from a chemical plant contains a large amount of

Na+, K+, Ca+, Mg+, Cu2+, etc. and we use a cation exchange

resin to remove Cu
2+

, then along with Cu
2+

 all those ions will

be also removed. As a result the resin will be exhausted very

soon and the resin cannot be used for long time and it will

not be economic. It is, therefore important to develop new

methods for metal exclusion and/or recuperation from dilute

solutions (1 to 100 mg/l) and for the reduction of heavy

metal ions to very low concentrations. It is well known that
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cellulosic materials can be obtained and employed as cheap

adsorbents and their performance to remove heavy metal

ions can be affected upon chemical treatment. In general,

chemically modified cellulosic materials exhibit higher

adsorption capacities than unmodified forms. Numerous

chemicals have been used for modifications which include

mineral and organic acids, bases, oxidizing agent, organic

compounds, etc. Some of the treated adsorbents show good

adsorption capacities for Cd, Cu, Pb, Zn, and Ni. Use of an

ion selective adsorbent is one of the best solutions of this

problem [9-19].

From the point of view of environmental preservation,

fibrous adsorbents for toxic metals such as copper and lead

have been extensively developed by radiation induced graft

polymerization. The natural material like jute in many

instances is relatively cheap and abundant in supply and has

significant potential for modification and ultimately enhance-

ment of their adsorption capabilities. Adsorbent is prepared

by direct modification of cellulose with grafting of selected

monomers to the cellulose backbone with subsequent

functionalization. The heavy metal adsorption capacities for

these modified cellulose materials were found to be

significant and levels of uptake were comparable, in many

instances, to both other naturally occurring adsorbent

materials and commercial ion exchange type resins. Many of

the modified cellulose adsorbents proved regenerable and

re-usable over a number of adsorption/desorption cycles

allowing recovery of the adsorbed heavy metal in a more

concentrated form. A new type of adsorbent containing

phosphoric acid group for the removal of heavy metals was

synthesized by radiation-induced graft polymerization of

acrylic acid onto jute fiber. The fibrous adsorbents could be

synthesized by introducing a functional chelate group such

as phosphate into the jute yarn where acrylic acid acts as a

carrier of phosphate group. This fibrous adsorbent has high

selectivity to heavy ions and higher rate of toxic metal

adsorption than that of commercial adsorbent resin in

column mode experiment. This high performance of the

fibrous adsorbents is attractive for the removal of toxic

metals from the streaming water [20-29].

The aim of this research is to prepare an ion selective

heavy metal adsorbent. The adsorbent was made by treating

jute fiber using acrylic acid (AA) and phosphoric acid (PA)

through graft copolymerization technique using UV radiation.

Here acrylic acid was grafted onto the surface of jute fiber

which acted as a carrier for phosphate radical (functional

group). The adsorbent prepared by this method adsorbed

copper ion selectively from waste water successfully [30-33]. 

Experimental

Materials

Jute yarns were collected from Coats Bangladesh Ltd., the

monomer AA, PA (H3PO4) and solvent methanol (MeOH)

were purchased from Merck, Germany. Photoinitiator

Darocur 4043 was procured from Merck, Germany and

finally incorporated into the formulation to initiate free radical

polymerization reaction.

Methods

The jute yarns were cut into small pieces (20-30 cm in

length) and then washed with acetone to remove the foreign

particles. After washing they were dried to remove acetone.

A number of solutions were prepared with different

proportions (10-70 wt%) of acrylic acid in methanol and

2 wt% photoinitiator (Darocur-4043). The samples were

soaked in each of the solutions for different soaking time,

varied from 10-30 min. After withdrawing from the

solutions they were passed under UV curing lamp for

different doses (20-50 passes). The samples were then kept

for 20-25 h, to complete the polymerization reaction. The

cured samples were washed in water for 20-25 h to remove

the unreacted monomer and the homopolymers from the

sample surface. Then the samples were dried at 105 oC until

constant weights were achieved. From the final weight we

calculated the percentage of polymer loading (PL). The

percentage of AA, soaking time and radiation intensity were

optimized for the highest polymer loading. A number of

formulations were again prepared using optimized conc. of

AA (50 %) and 5-15 % (w/w) PA (85 %) in methanol. Then

the solutions were kept for 5 h. After 5 h 2 % photo initiator

was again added in each of the solution. The jute yarns were

again soaked in the sample for optimized soaking time 20

min and were treated with UV radiation for 40 passes

(optimized). The concentration of phosphoric acid was again

optimized for the maximum grafting. Tensile strength of

both treated and untreated virgin yarns were measured with a

tensile strength testing machine HOUNSSICLD, Model no:

H50KS, Serial no: H50KS-0404, made in England. A

number of solutions of CuSO4 were prepared with distilled

water, concentration of Cu
2+

 solutions were 10 ppm. The

treated jute yarn was then used as adsorbent. The Cu

solution 100 ml were taken in five separate beakers (1 g

AA+PA) among them three were soaked for 30 min, 1 h and

5 h respectively. In the rest two beakers 1 g pure jute and 1 g

AA grafted with jute yarns were soaked for 5 h. After the

certain period those threads were withdrawn from the

solutions and then analyzed by an atomic absorption

spectrophotometer to determine the remaining Cu concentration

of the solution. After adsorbing Cu2+
 (AA+PA) grafted jute

yarns were soaked in 0.04 M HCl for regeneration. They

were soaked in 100 ml acid solution for 1 and 3 h

respectively. For regeneration some Cu
+2

 containing yarns

were also soaked in water for 3 h. After withdrawing the yarns

the solutions were again analyzed by AAS to find out the Cu

concentration of the solution. 
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Results and Discussion

Optimization of Monomer Concentration, Soaking

Time, and the Number of UV Passes Based on Polymer

Loading on Jute Yarns

Polymer loading (PL) values of the jute yarns against

radiation intensities (the number of UV passes) as a function

of monomer concentration for various soaking times is

represented in Table 1. It was reported that PL values

increased with the increase of AA concentrations up to 50 %

and further increase of AA concentration, PL values was

decreased. Again, the PL values increased with the increase

of UV intensities attained the maximum values after the 40th

UV pass then decreased as the radiation doses increased.

From this investigation, this is clear that 40 UV passes

showed the best performance. At 10, 30, 50, and 70 % AA

concentration, the PL values were found to be 12.35, 16.00,

17.29, and 15.85 % at 10 min soaking time, respectively. So,

a significant improvement of PL values was found for 50 %

AA concentration at the 40th UV pass.

At low monomer concentration, the vinyl monomer

promotes the rapid propagation reaction with the help of

photoinitiator leading to network polymer structure through

graft co-polymerization reaction of their double bonds. As

the AA concentration is increased the amount of residual

concentration is also increased as a consequence of faster

rate of formation of three dimensional network structures

causing restricted mobility. After the attainment of the

maximum, the decrease in PL values at higher monomer

concentration may be caused by two factors. At higher AA

concentration radical-radical recombination process may be

dominant, thus more homopolymers are created rather than

monomer - backbone reaction. The other reason could be

that the swelling of the jute backbone with MeOH was

insufficient due to low methanol concentration. As a result,

monomer molecules are incapable of penetrating the jute

molecules in the presence of low solvent concentration. This

may cause a smaller number of reacting sites at the jute

backbone and thus continue to reduce the active sites. The

polymer loading values decrease with increasing radiation

dose because at higher radiation dose jute yarn may degrade.

In the above investigation, the soaking time was fixed at

10 min but it was found that with the increase of soaking

time, a significant impact was found on the PL values. The

best PL values could be obtained for 20 min soaking. Higher

soaking time reduced the PL values. The highest PL value

was reported 21 % at the 40th UV pass for 50 % AA

concentration for 20 min soaking time. On the other hand, it

was reported that the highest PL value (15.7 %) was

achieved at 50 % AA solution for 30 min soaking time.

From this investigation this is clear that the jute yarns soaked

for 20 min in 50 % AA concentration at the 40th UV pass

yielded the maximum PL values (21 %).

Optimization of PA Concentration 

Polymer Loading

Figure 1 shows the PL value as a function of PA

concentration. The value increases with increasing PA

concentration. The highest value of 70.95 % is obtained for

10 % PA. The PL value decreases with increasing phosphoric

acid more than 10 % may be due to the lower rate of

polymerization at the higher PA concentration. It may also

be possible that the higher concentration of acid may change

or degrade the main polymeric chain, and that’s why the PL

Table 1. Polymer loading (%) vs. radiation intensities

Radiation intensities 

(Number of UV passes)
20 30 40 50

Polymer loading PL (%) PL (%) PL (%) PL (%)

Soaking time 10 min 20 min 30 min 10 min 20 min 30 min 10 min 20 min 30 min 10 min 20 min 30 min

Conc. (%) of

AA

10   8.28 7.99 5.94 11.48 12.68   9.043 12.35 14 12.22 11.53 10.12 10.63

30 10.31 7.27 6.6 14.28 14.94 10.5 16 17 13.36 14.8 10.3 10

50 12.6 7.58 7.6 15.77 16.3 11.2 17.29 21 15.7 13.44 14 12

70 10.71 8.9 6 12.57 10.9   9.3 15.85 16 13.6 13.2 12.6   8.6

Figure 1. Polymer loading values of the jute yarn against

concentration of PA. Monomer concentration: 50 %, Soaking time:

20 min, UV intensity: 40 UV passes.



Selective Ion Adsorbent Fibers and Polymers 2010, Vol.11, No.6 835

value decreases. When PA is used the polymer loading

values enhance quite substantially up to 10 %. Acid helps

speed up the copolymerization process through the cross

linking of individually segmented units of the polymer.

Acidification of solution changes the mobility of the solution

at the equilibrium condition of the components during the

copolymerization process at the zone of the reactivity

associated with the partitioning of the various components

present in the solutions. The rate of reactivity coupled with

the partitioning is, thus, enhanced for the overall copoly-

merization process in the presence of acid.

Tensile Strength

The tensile strength of sample increases with increasing

PA up to 10 % and the highest value is (208.125 MPa) which

has shown in Figure 2. Decreasing of the tensile strength

value may be due to the fact that the rate of polymerization

decreases at high acid concentration. The other reason may

be that the concentrated PA solution may change or degrade

the polymeric backbone. H+
 ion breaks the long chain of the

jute yarn, thus it renders the tensile strength of the yarn

reduced.

Cu Uptake

Figure 3 shows that the metal uptake increases significantly

up to 1 h, after which Cu uptake is almost same. This

phenomenon occurs due to the fact that after 1 h the threads

become almost saturated with Cu. There is no more vacant

site in those threads to take more Cu from the solution. It is

possible to remove more Cu within 1 h from the same

solution if the amount of thread is increased so that the total

vacant sites will also increase. It was found that the Cu

uptake was 3.85, 4.75, and 4.75 mg per gram of thread for

30 min, 1 h, and 5 h, respectively. 

Comparative Study of Cu Uptake 

The comparative study of Cu uptake between pure, AA

grafted, and AA+H3PO4 incorporated jute is presented in

Figure 4 as a function of Cu uptake. Figure 4 shows that the

pure and the AA grafted threads have removed a very small

amount of Cu because some molecules of Cu, which are just

in touch with the surface of those threads, can be removed.

Cu uptake was found 0.85, 1.25, and 4.75 mg per gram of

thread for pure, AA grafted, and AA+H3PO4 incorporated

jute yarn, respectively.

Regeneration of Adsorbent

After taking metal, the threads have to be regenerated in

Figure 2. Tensile strength values of AA+PA grafted jute yarn as a

function of PA concentration. Monomer concentration: 50 %,

Soaking time: 20 min, UV intensity: 40 UV passes. 

Figure 3. Cu uptake of AA+H3PO4 incorporated jute yarn from 10

ppm solution of Cu for different time intervals.

Figure 4. Comparative study of Cu uptake from 10 ppm Cu

solution among pure, AA grafted, and AA+PA grafted jute yarn.
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acid so that it can be used again as an adsorbent. In Figure 5,

regeneration of Cu is presented as a function of time interval

when threads are soaked in 0.04 M HCl. The recovered

concentration of Cu in the solution is increased with

increasing time. By regeneration 0.65 and 1.45 mg Cu per

gram of thread was recovered for 1 and 3 h, respectively.

Comparative Study of Regeneration

Comparative study of regeneration between water and

HCl acid is presented in Figure 6 as a function of recovered

Cu concentration. The concentration of Cu found in water is

very negligible, which indicates that the adsorption that has

occurred was not simple physical adsorption, but chem-

isorption. If it is physical adsorption, then the Cu can be

extracted from the thread by water wash only. Since it is

chemisorption, it requires external energy such as heat,

stirring, or another ion exchange reaction for the adsorbed

Cu to be extracted from the threads. That is why the threads

must be regenerated in an aqueous HCl solution. 0.15 and

1.45 mg Cu were recovered per gram of thread in water and

in acid for 3 h, respectively.

Conclusion

Jute yarns were modified by using acrylic and PA via UV

treatment. Based on optimized polymer loading 70.95 % of

yearns, ion selective adsorbent was prepared. The optimized

formulation was found to be: 10 % PA, 50 % AA, 38 %

methanol, and 2 % PI. Copper was effectively removed from

the CuSO4 solution and thus indicated the potentiality of the

modified jute yarns as ion selective adsorbent. It was also

proved that regeneration of Cu was also possible from the

grafted jute yarn. 

References

1. F. Khan, S. R. Ahmad, and E. Kronfli, Adv. Polym. Tech.,

21, 132 (2002).

2. F. Malekzaden, A. Farazmand, H. Ghafourian, and M.

Shahamat, VIRTUE Newsletter: Science. Online at: http://

www.miljolare.no/virtue/newsletter/01_03/sci-shahamat/

more-info/publications.php, 1997.

3. A. Nakajima and T. Sakaguchi, Appl. Microbiol. Biot., 24, 59

(1986).

4. J. A. Scott, S. J. Palmer, and J. Ingham, J. Chem. E. Symp.,

96, 211 (1986).

5. M. D. Mullen, D. C. Wolf, F. G. Ferris, and T. J. Beveridge,

Appl. Environ. Microb., 55, 3143 (1986).

6. L. E. MacAskie and A. C. R. Dean, J. Gen. Microbiol.,

130, 53 (1984).

7. S. Silver, “Bridging Research and Applications”, pp.256-

287, Kluwer Academic Publishers, London, 1991.

8. Ag-West Biotech Inc., “Microbes: Building Blocks for

Biotechnology”, AgBiotech Infosource, 37, June, 1998

(http://www.agwest.sk.ca/publications/infosource/inf_sep98.

php).

9. S. Farag and Sheikha Saad Al Abdel Kareem, Carbohyd.

Polym., 78, 263 (2009).

10. Liyuan Huang, Zhaoyang Ou, Thomas B. Boving, Julian

Tyson, and Baoshan Xing, Chemosphere, 76, 1056 (2009).

11. Ajay Kumar Meena, K. Kadirvelu, G. K. Mishra, Chitra

Rajagopal, and P. N. Nagar, J. Hazard. Mater., 150, 604

(2008).

12. W. S. Wan Ngah and M. A. K. M. Hanafiah, Bioresource

Technol., 99, 3935 (2008).

13. K. H. Chong and B. Volesky, Biotechnol. Bioeng., 47, 1

(1995).

14. L. Leusch, Z. R. Holan, and B. Volesky, J. Chem. Technol.

Biot., 62, 279 (1995).

Figure 5. Recovery of Cu after regenerating jute yarn in 0.04 M

HCl solution.

Figure 6. Comparative study of recovery of Cu from jute yarn after

regenerating in water and acid for 3 h.



Selective Ion Adsorbent Fibers and Polymers 2010, Vol.11, No.6 837

15. M. Spinti, H. Zhuang, and E. M. Trujillo, Water Environ.

Res., 67, 943 (1995).
16. E. W. Wilde and J. R. Benemann, Biotechnol. Adv., 11, 781

(1993).
17. P. Kaewsarn and Q. Yu, Separ. Sci. Technol., 34, 1595

(1999).
18. M. Zhao, J. R. Duncan, and R. P. Van Hille, Water Res., 33,

1515 (1999).
19. M. Gavrilescu, Eng. Life Sci., 4, 219 (2004).
20. Noriaki Seko, Masao Tamada, and Fumio Yoshii, Nucl.

Instrum. Meth. B, 236, 21 (2005).
21. El-Sayed A. Hegazy, H. Abdel-Rehim, A. M. I. Ali, and H.

G. Nowier, Czech. J. Phys., 50, 297 (2000).
22. Nalan Kabay, Akio Katakai, and Takan Sugo, Radiat.

Phys. Chem., 46, 833 (1995). 
23. S. Hassanpour, Radiat. Phys. Chem., 55, 41 (1999). 
24. Tomoyuki Shiraishi, Masao Tamada, Kyouichi Saito, and

Takanobu Sugo, Radiat. Phys. Chem., 66, 43 (2003).
25. Akira Kitamura, Shimpei Hamamoto, Akira Taniike,

Yusuke Ohtani, Naoyoshi Kubota, and Yuichi Furuyama,
Radiat. Phys. Chem., 69, 171 (2004). 

26. S.-J. Park, Y.-M. Kim, and J.-S. Shin, J. Porous Mat., 12,
41 (2005).

27. Kumar Virendra, Y. Bhardwaj, K. Dubey, C. Chaudhari, N.
Goel, Jayashree Biswal, S. Sabharwal, and K. Tirumalesh,
Separ. Sci. Technol., 41, 3123 (2006).

28. David William O’Connell, Colin Birkinshaw, and Thomas
Francis O’Dwyer, Bioresource Technol., 99, 6709 (2008). 

29. Leandro Vinícius Alves Gurgel, Osvaldo Karnitz Júnior,
Rossimiriam Pereira de Freitas Gil, and Laurent Frédéric
Gil, Bioresource Technol., 99, 3077 (2008).

30. Wassila Dahou, Djamila Ghemati, Atika Oudia, and
Djamel Aliouche, Biochem. Eng. J., 48, 187 (2010).

31. Gamze Güçlü, Ebru Al, Serkan Emik, Tülin B. yim,
Saadet Özgümü , and Mustafa Özyürek, Polym. Bull.,
DOI 10.1007/s00289-009-0217-x, 2009.

32. Júlio C. P. de Melo, Edson C. da Silva Filho, Sirlane A. A.
Santana, and Claudio Airoldi, Colloid. Surface. A, 346,
138 (2009).

33. Liangfeng Tan, Duanwei Zhu, Wenbing Zhou, Weijie Mi,
Lixiao Ma, and Wenting He, Bioresource Technol., 99,
4460 (2008).

I·

sç



<<
  /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
  /SyntheticBoldness 1.00
  /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


