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Introduction 
 

Recently, antimicrobial polymers have been used in various 

fields, such as interior materials,1,2 seal materials,3 con-

struction materials,4,5 consumer products,6-8 and products for 

food.9-13 Antimicrobial polymers, generally known as poly-

meric biocides, are polymers with antimicrobial activity or 

the ability to prevent the growth of microorganisms, such 

as bacteria, fungi, or viruses.14 They can be classified as 

follows: (1) polymers that contain antimicrobial agents and 

(2) polymers that are antimicrobial by themselves, such as 

chitosan derivatives or enzymes. In the case of polymers 

containing antimicrobial agents, molded products, such as 

sheets, fibers, films, hollow fibers, panels, fabrics, etc., are 

commercially available. However, they are very expensive 

and polymer molding is difficult due to the presence of anti-

microbial agents. Also, these systems exhibit low antimicrobial 

activity since the antimicrobial agents exist mostly inside 

the polymer matrix rather than on the surface even though 

a high concentration of antimicrobial agents is used in the 

polymer molding process. On the other hand, researchers 

have developed a method to apply the polymer matrix (e.g., 

chitosan, chitosan derivatives, or enzymes) itself to a variety 

of surfaces, such as fabrics, plastics, metals, etc., by coating 

from a solution. However, antimicrobial polymers are in-

soluble in common solvents and not easy to apply to surfaces 

by coating since they have low viscosity, adhesion, and solu-

bility in common solvents; they are even non-transparent. 

Therefore, the solubility of these polymers needs to be 

improved in order to prepare solutions in a solvent(s) that 
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초록:  아크릴계 이중인산과 과황산암모늄을 개시제로 사용하여 고분자 코팅용액의 기반인 poly(acryloyl diphosphoric 

acid)(poly(ADP))를 70 ℃의 수용액에서 라디칼 중합반응으로 제조하였다. 제조된 고분자 코팅용액인 poly(ADP)는

salmonella typhimurium, pseudomonas aeruginosa, escherichia coli, 그리고 staphylococcus aureus에 대한

항균성을 보였으며, 또한, Asperigillus niger와 조류인플루엔자 바이러스인 H1N1 바이러스에 대해서도 좋은 항진균성을

보여주었다. 더욱이 면섬유에 제조된 코팅용액 poly(ADP)를 코팅시켰을 경우에 우수한 난연성을 보여주었다. 
 
Abstract: A polymeric coating solution based on poly(acryloyl diphosphoric acid)(poly(ADP)) was pre-

pared via a radical polymerization of acryloyl diphosphoric acid using ammonium persulfate (APS) as an 

initiator in water at 70 ℃. The prepared polymeric coating solution exhibited significant antibacterial 

activity against salmonella typhimurium, pseudomonas aeruginosa, escherichia coli, and staphylococcus

aureus. It also exhibited good antifungal activity against Asperigillus niger and good antiviral activity

against the influenza (H1N1) virus. Additionally, it exhibited good flame retardant efficiency after applying it 

as a coating to a cotton fabric. 
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can be coated onto surfaces to create active coatings.  

The use of flame retardant polymer materials has been 

increasingly required in many fields dealing with construction, 

electrical/electronic components, and transportation to reduce 

combustibility and suppress smoke or toxic fume produc-

tion.15 These polymer materials have been typically de-

veloped using halogen-containing flame retardant formula-

tions. Particularly, halogenated compounds act mostly in the 

vapor phase by a radical mechanism that interrupts the 

exothermic processes and suppresses combustion. Polymers 

with halogen-containing flame retardants provide excellent 

flame retardants at low preparation costs and are still in use.16,17 

However, the use of halogenated flame retardants has given 

rise to some concerns. In particular, much attention has been 

focused on the corrosiveness and toxicity of smoke and 

emission products, such as dioxins or hydrogen chloride, 

generated during the combustion of these materials.18 In 

recent years, there has been much speculation that legislation 

will arise restricting the use of these compounds as flame 

retardants. In contrast to the potentially hazardous halo-

genated flame retardants, phosphorus-containing flame 

retardants are non-toxic, environment-friendly, highly 

efficient flame retardants.16 In order to impart flame retar-

dancy to polymer materials, there are two main types of 

flame retardants used for polymers, additive and reactive.16 

The additive flame retardants are incorporated into the 

polymer by physical means prior to, during, or after poly-

merization. Additive flame retardants are not chemically bonded 

to the polymer. They may therefore, be released from the 

polymer and discharged to the environment. Also, a variety 

of problems may arise, such as poor compatibility and a 

reduction in polymer mechanical properties. On the other 

hand, reactive flame retardants are added during the poly-

merization process and become an integral part of the polymer. 

The result is a modified polymer with flame retardant pro-

perties and a different molecular structure compared to the 

original polymer molecule.  

In this study, we synthesized a polymeric coating solution 

with poly(ADP) via radical polymerization of acryloyl di-

phosphoric acid (ADP) using ammonium persulfate (APS) 

in water at 70 ℃. The prepared polymeric coating solution 

was evaluated for its antimicrobial activity against bacteria, 

fungi, and viruses. In order to evaluate the flame retardant 

properties of the polymer coating solution, we applied the 

coating to a cotton fabric by a dip coating method. We then 

evaluated the flame retardant efficiency of the poly(ADP) 

coating. 

 

Experimental 

 

Reagents. Diphosphoric acid, acryloyl chloride, triethyl-

amine (TEA), and ammonium persulfate (APS) were obtained 

from Sigma Aldrich (Korea). Other chemicals were of reagent 

grade. 

Synthesis of the Poly(ADP) Coating Solution by Radical Poly-

merization. In order to prepare the polymeric coating solution, 

first, ADP was synthesized according to Figure 1. Dipho-

sphoric acid (0.562 mol) was dried under reduced pressure 

for 12 hrs, and then dissolved in tetrahydrofuran (THF, 210 

mL). TEA (80 mL) was added to the diphosphoric solution 

and the reaction mixture was stirred for 20 min. Acryloyl 

chloride (0.468 mol) in THF (40 mL) was added drop by drop 

to the reaction mixture over 3 hrs while the temperature 

was maintained at 0 ℃. The reaction mixture was then stirred 

for another 3 hrs at room temperature. The ADP monomer 

was obtained after evaporation of the solvent. The chemical 

structure of the ADP monomer was confirmed by 1H NMR 

(DMSO-d6), FTIR, and MS spectroscopy. 
1H NMR(DMSO-d6, TMS): 3.0-3.2(t, 1H,=CH-), 1.1∼

1.3 ppm(d, 2H, CH2=); FTIR(KBr): 1730 cm-1(>C=O), 

1000 cm-1(P=O), 3500 cm-1(-OH); MS m/z 232.  

Second, the poly(ADP) coating solution was prepared by 

radical polymerization of the ADP monomer (13.0 g) with APS 

(3.25 g) used as an initiator in deionized water (90 mL) while 

stirring with a mechanical steering machine (8 rpm) at 70 ℃ 

for 24 hrs.  

Evaluation of the Antimicrobial Activity of the Poly(ADP) 

Coating Solution. The antimicrobial activity of the prepared 

poly(ADP) coating solution was investigated against four 

types of bacteria and a fungus. The antimicrobial activity 

 ADP Poly(ADP)-coated CF 
Figure 1. Schematic preparation procedure of the poly(ADP)-coated cotton fabric(CF) by dip coating method. 

0 ℃→ RT 

1. Radical polymerization 

2. dip coating 

TEA/THF 
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of the coating solution was also compared to that of a 

AgNO3 solution. The Escherichia coli was streaked out on 

a Luria-bertani (LB) plate and incubated at 37 ℃ while being 

shaken for 24 hrs. 3.0 mL of a single colony obtained from 

the cultured LB plate was used to inoculate 5 mL of LB 

broth, which was then incubated with shaking at 37 ℃ for 

24 hrs. 100 μL of the LB broth was patched onto a Petri 

dish, and then a paper disc was placed onto an LB plate 

film. The desired concentration of poly(ADP) coating solution 

was added onto the paper disc to measure the antibacterial 

activity after incubating at room temperature for 24 hrs. 

Same procedure was used for other bacteria.  

The antifungal activity measurements of various con-

centrations of the poly(ADP) coating solution against As-

perigillys niger were performed as follows: first, Asperigillys 

niger was cultured in a Potato dextrose agar (PDA) plate at 

room temperature for 7 days. 20 mL of the cultured fungus 

was then added into a phosphate buffered saline (PBS) 

solution to obtain spores using a spreader. Lastly, 100 μL 

of the obtained solution was patched onto a Petri dish, and 

then a paper disc was placed onto the PDA plate film. The 

desired concentration of the poly(ADP) coating solution was 

added onto the paper disc and the antifungal activity was 

measured after incubating it at room temperature for 24 hrs.  

Antiviral activity of the poly(ADP) coating solution against 

the influenza (H1N1) virus was performed according to the 

references.19,20 All procedures were performed at Institute 

of Influenza Research center, Chungnam National University. 

Evaluation of the Flame Retardant Efficiency of the Poly 

(ADP)-coated Cotton Fabric. The prepared poly(ADP) was 

coated onto a cotton fabric to determine the flame retardant 

properties by a dip coating method. In this study, the coating 

yield was calculated with the following equation: 

 

Coating yield(%)=[(Wg-Wo)/Wo]×100              (1) 

 

Where Wg and Wo denote the weights of the coated and 

uncoated cotton fabric, respectively. The poly(ADP)-coated 

cotton fabric was ignited using a butane lighter for the com-

bustibility test. 

Instrumentation. 
1H NMR data were collected on a Varion 

spectrometer (400 MHz, Voyager DE-STR, USA) using 

a DMSO-d6 solvent. Tetramethylsilane (TMS) was used as 

an internal standard. IR spectra were recorded on a Perkin-

Elmer Spectrum 1000 system (Perkin-Elmer life and analy-

tical sciences, USA). The mass spectra were recorded on a 

Maldi-TOF Mass Spectrometer (Voyager DE-STR, Applied 

Biosystems, Inc. USA). The morphology of the coated sample 

was obtained using a Field-emission scanning electron 

microscope (FE-SEM) (FEI, Sirion, Netherlands). The XPS 

spectra of the sample were recorded using X-ray pho-

toelectron spectroscopy(XPS)(MultiLab. ESCA 2000, 

ThermoVG Scientific, England). 

 

Results and Discussion 

 

Antimicrobial Activity of the Poly(ADP) Coating Solution. 

The light yellow color in the solution disappeared as ADP 

polymerization occurred, as shown in Figure 2. Table 1 and 

Figure 3 show the antibacterial activity and antifungal activity 

of the poly(ADP) coating solution and the comparative com-

pounds, the diphosphoric acid solution and the AgNO3 

solution. Phosphoric acid has been routinely used in dental 

practices as a conditioner and to remove smear layers and 

open dentin tubules. The antimicrobial activity of this acid may 

be related to an increased external hydrogen-ion concen-

Table 1. Antibacterial and Antifungal Activity of Diphosphoric Acid, Poly(ADP) Solution and AgNO3 Solution 

0.1 M Diphosphoric acid 0.1 M Poly(ADP) solution 0.1 M AgNO3 solution 
Sample 

50 μL 10 μL 5 μL 50 μL 10 μL 5 μL 50 μL 10 μL 5 μL 

Salmonella typhimurium 0.2 cm 0 cm 0 cm 0.4 cm 0 cm 0 cm 0.2 cm 0 cm 0 cm 
Pseudomonas aeruginosa 0.4 cm 0 cm 0 cm 1.6 cm 0.4 cm 0 cm 0.8 cm 0.4 cm 0.1 cm 
Escherichia coli 0.2 cm 0 cm 0 cm 1.2 cm 0 cm 0 cm 0.8 cm 0.4 cm 0.2 cm 
Staphylococcus aureus 0.6 cm 0 cm 0 cm 2.6 cm 1.2 cm 0.6 cm 1.2 cm 0.8 cm 0.4 cm 
Asperigillus niger 0.2 cm 0 cm 0 cm 0.4 cm 0 cm 0 cm 1.2 cm 0.2 cm 0 cm 

 
 (a) (b) 
Figure 2. Photograph of the ADP solution (a); poly(ADP) coating
solution (b). 
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tration, which inhibits the metabolism and hence the growth 

of many microorganisms.21 Arias-Moliz et al.22 reported on 

the bactericidal activity of phosphoric acid, citric acid, and 

EDTA solutions against Enterococcus faecalis. However, 

phosphoric acid cannot be coated onto polymer molded 

products due to the resulting lower adhesion properties. 

The AgNO3 solution was also used as a counterpart since 

the antimicrobial effects of silver ions or salts are well 

known.23-25 As shown in Table 1, 50 µL of 0.1 M AgNO3 

solution had pronounced antibacterial activity against Sal-

monella typhimurium, Seudomonas aeruginosa, Escherichia 

coli, and Staphylococcus aureus. However, when 5 µL of 

0.1 M AgNO3 solution were used, there was no antibacterial 

activity against Salmonella typhimurium. 50 µL of 0.1 M 

AgNO3 solution exhibited antifungal activity against Asperi-

gillus niger. Poly(ADP) had more pronounced antibacterial 

activity against all microorganisms tested compared to those 

of the diphosphoric acid and AgNO3 solutions. Although, the 

AgNO3 solution exhibited the highest antifungal activity and 

a somewhat better antimicrobial effect at low concentrations 

(10 and 5 µL), silver ions are unstable in the presence of 

light or other radiation. Here, the concentration of poly(ADP) 

was determined from the ADP monomer.  

Figure 4 shows the antiviral activity of the prepared poly 

(ADP) coating solution: (a) control, (b) diphosphoric acid 

solution, and (c) poly(ADP) solution. We used influenza virus 

[A/California/04/09(H1N1)] to determine the antiviral activity 

against the influenza H1N1 virus according to the reference.19,26 

The aggregation of blood cells in allantoic fluid appeared in 

the presence of diphosphoric acid (b) and the poly(ADP) 

solution (c). As a result, diphosphoric acid and poly(ADP) 

solution exhibited potent antiviral activity against the influenza 

H1N1 virus.  

Flame Retardant Efficiency of Poly(ADP)-coated Cotton Fabric. 

Figure 5 shows the SEM image of base cotton fabric (a), 

and poly(ADP)-coated CF with coating yields of 10% (b), 

15% (c), and 25% (d). The SEM images confirm that the 

poly(ADP) polymer was successfully coated on the surface 

of the commercial cotton fabric. 

Figure 6 exhibits the XPS survey scan spectra of the 

(a) 

 

(b) 

 

 

 

(c) 

  Salmonella typhimurium Pseudomonas aeruginosa Escherichia coli Staphylococcus aureus Asperigillus niger 

Figure 3. Antibacterial and antifungal activity of the diphosphoric acid solution (a); poly(ADP) solution (b); AgNO3 solution (c). 

 (a) (b) (c) 
Figure 4. Antiviral activity for influenza (HIN1) virus of the
control (a); diphosphoric acid solution (b); poly(ADP) solution
(c). 
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base cotton fabric (a), and poly(ADP)-coated CF with 

coating yields of 10% (b) and 25% (c). The P2p peak of the 

poly(ADP)-coated cotton fabric appears at about 135 eV 

due to the side chain of the diphosphoric acid. From this 

result, we confirm the successful coating of the poly(ADP) 

on the surface of the cotton fabric.  

Figure 7 presents the effects of the flame retardant treat-

ment on the cotton fabric. (a) base cotton fabric, (b) and poly 

(AP)-coated cotton fabric with coating yields of 10%, (c) 

15%, and (d) 25%. The top and bottom photographs show 

the cotton fabric of before combustion and after combustion, 

respectively. Figure 7(a) shows the remaining ashes after the 

non-coated cotton fabric was completely burned whereas 

the poly(ADP)-coated cotton fabrics that were partially 

burned are shown in Figure 7(b, c), and (d). Hwang et al.,26 

reported on phosphorus flame retardants and found that a 

POᆞradical forms first during the combustion of phosphorus 

flame retardants. Then, the generated phosphorus oxygen 

 
 (a) (b) (c) (d) 
Figure 5. SEM images of base cotton fabric (a); poly(ADP)-coated CF with coating yields of 10% (b); 15% (c); 25% (d). 

      
Figure 6. XPS survey spectra of the base cotton fabric (a); poly(ADP)-coated CF with coating yields of 10% (b); with coating
yields of 25%(c). 
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radical rapidly reacts with oxygen in air. This is the reason 

the poly(ADP)-coated cotton fabrics were totally unburned 

after combustion since the carbons of cotton fabric were 

protected from the reaction with oxygen by the poly(ADP) 

coating. These results suggest that the prepared poly(ADP) 

coating solution has the potential to be used as a flame 

retardant agent. 

 

Conclusions 
 

In this study, we synthesized a polymeric coating solution 

based on poly(ADP) via radical polymerization of acryloyl 

diphosphoric acid using ammonium persulfate (APS) as an 

initiator in water at 70 ℃. The antimicrobial activity and the 

flame retardant efficiency of the prepared the polymer 

coating solution were investigated. The following conclusions 

are based on the results: 

(1) The poly(ADP) coating solution had pronounced anti-

bacterial activity against Salmonella typhimurium, Pseudo-

monas aeruginosa, Escherichia coli, and Staphylococcus aureus. 

(2) The poly(ADP) coating solution exhibited significant 

antifungal activity against Asperigillus niger.  

(3) The poly(ADP) coating solution exhibited some antivirus 

activity against the influenza (H1N1) virus.  

(4) Additionally, the poly(ADP) coating solution exhibited 

good flame retardant efficiency after applying it as a coating 

to a cotton fabric. 
 
Acknowledgment: This work was supported by the Hanna 

University Research Fund (2011). 

 

References 
 
 1. M. S. Bang, Korea Patent 1009778590000 (2010). 

 2. S. C. Hong, Korea Patent 1002629810000 (2010). 

 3. J. N. Kim and J. Y. Park, Korea Patent 1020100077964 (2008). 

 4. D. M. Yang, Korea Patent 1008254340000 (2008). 

 5. F. I. Kenawy, F. Abdel-Hay, A. El-Raheem, R. El-Shanshoury, 

and H. El-Newehy, J. Control. Release, 50, 145 (1998). 

 6. K. Miyamoto, Korea Patent 1005097900000 (2005). 

 7. J. H. Lee and S. M. Kim, Korea Patent 1020090131847 

(2009). 

 8. W. S. Moon, J. C. Kim, K. H. Jung, K. O. Kong, and J. H. 

Hwang, Korea Patent 1005365510000 (2005). 

 9. I. J. Lee and S. W. Kim, Korea Patent 1020010016825 

(2001). 

10. D. Yunjian, Z. Yuqiao, D. Shuchao, and Y. Bao, Innov. Food 

Sci. Emer. Technol., 10, 103 (2009). 

11. P. K. Dutta, S. Tripathi, G. K. Mehrotra, and J. Dutta, Food 

Chemistry, 114, 1173 (2009). 

12. L. Guiqian, W. Dingcai, and F. Ruowen, Polymer, 67, 355 

(2007). 

13. J. P. Terence, Carbohyd. Polym., 36, 335 (1998). 

14. E. R. Kenawy, S. D. Worley, and R. Broughton, Biomacro-

 
 (a) (b) (c) (d) 
Figure 7. Effects of flame retardant for cotton fabric: (a) base cotton fabric; (b) poly(ADP)-coated cotton fabric with coating yields of
10%; (c) with coating yields of 15%; (d) coating yields of 25%. 



  Synthesis of Phosphoric Polymer Coating Solution with Antimicrobial Activity and Flame Retardant Efficiency 437 

  Polymer(Korea), Vol. 35, No. 5, 2011 

molecules, 8, 1359, 2007. 

15. L. Chena and Y. Z. Wang, Polymer. Adv. Technol,. 21, 1 (2010). 

16. Z. Sheng and A. R. Horrocks, Prog. Polym. Sci., 28, 1517 (2003). 

17. S. Sakai, J. Watanabe, Y. Honda, H. Takatsuki, I. Aoki, M. 

Futamatsu, and K. Shiozakic, Chemosphere, 42, 519 (2001). 

18. W. D. Wooley and P. J. Fardell, Fire Safety Journal, 5, 29 

(1982). 

19. H. D. Baek and S. H. Seo, Korea Patent 1020100052656 

(2010). 

20. Y. M. Kang, B. M. Song, J. S. Lee, H. S. Kim, and S. H. Seo, 

Arch Virol, DOI 10.1007/s00705-010-0914-7, 2011. 

21. A. D. Russel, W. B. Hugo, and G. A. J. Ayliffe, Principles 

and Practice of Disinfection, Preservation and Sterilization, 

3rd ed., Oxford, Blackwell Science Ltd., pp124-148 (1999). 

22. M. T. Arias-Moliz, C. M. Ferrer-Luque, E. Espigares- 

Rodríguez, J. Liébana-Ureña, and M. Espigares-García, 

OOOOE (Oral Surg Oral Med Oral Pathol Oral Radiol 

Endod), 106, 84 (2008).  

23. S. M. Lee, B. S. Lee, T. G. Byun, and K. C. Song, Colloid 

Surface A, 355, 167 (2010). 

24. S. Z. Tan, L. C. Ding, Y. L. Liu, Y. S. Ouyang, and Y. B. 

Chen, Chin. Chem. Lett., 18, 85 (2007). 

25. R. Bryaskova, D. Pencheva, G. M. Kale, U. Lad, and T. 

Kantardjiev, J. Colloid Interf. Sci., 349, 77 (2010). 

26. T. S. Hwang, B. J. Lee, Y. K. Yang, J. H. Choi, and J. H. 

Kim, Prospect. Ind. Chem., 8, 36 (2005). 

 



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AmiR-HM
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /Batang
    /BatangChe
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-Roman
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /ExpoM-HM
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /FZSY--SURROGATE-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicB-HM
    /GothicR-HM
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GraphicSansB-HM
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprB
    /H2gprM
    /H2gsrB
    /H2gtrB
    /H2gtrE
    /H2gtrL
    /H2gtrM
    /H2hdrM
    /H2mjrE
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /H2wulL
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HeadlineR-HM
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Extra
    /HYgprM
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYmjrE
    /HYmprL
    /HYnamB
    /HYnamL
    /HYnamM
    /HYporM
    /HYsanB
    /HYsnrL
    /HYsupB
    /HYsupM
    /HYtbrB
    /HYwulB
    /HYwulM
    /Impact
    /ImprintMT-Shadow
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /MaiandraGD-Regular
    /Mangal-Regular
    /MeorimyungjoXB-HM
    /MicrosoftSansSerif
    /MingLiU
    /MoeumTR-HM
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /MyungjoR-HM
    /NewGulim
    /NSimSun
    /OCRAExtended
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PMingLiU
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YetR-HM
    /ZWAdobeF
  ]
  /NeverEmbed [ true
    /Arial-BlackItalic
    /ArialUnicodeMS
    /TimesNewRomanMT-ExtraBold
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.276 793.701]
>> setpagedevice


