Journal of the Korea Academia-Industrial http://dx.doi.org/10.5762/KAIS.2016.17.4.596

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 17, No. 4 pp. 596-605, 2016

AENA E2F2E PLA(Polylactic acid)
Eu|3E 53 Aidls HE

2xtY", Ae

2 , O|GEY', Olis|', =ReF
'2Hp7|&E R 2TLC KOREA

Study on the Biodegradable ability of Biodegradable Plastics
PLA (Polylactic acid) by composting
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Abstract In previous years, practice hand grenades were composed of non-degradable plastics and caused
environmental pollution. Therefore, this study applied PLA(Polylactic acid) to practice hand grenades that would
biodegradable within a short time. High expectations are being placed on PLA as a substitute for plastics because
it can decompose to water and carbon dioxide. The aim of this study was to confirm that the PLA material of a
practice hand grenade has biodegradability in a pilot-scale composting unit and estimate the applicability for other
items. A composting test was progressed according to ISO 16929(2013). The test process was found to be valid. At
the end of the composting test (after 12 weeks), the entire content of the test bin with the test sheet was sieved, sorted
and analyzed. A disintegration percentage of 99.2% was obtained after 12 weeks of composting. Therefore, the 90%
pass level required by ISO 17088(2013), EN 13432(2000), and ASTM D 6400-12 was easily reached. On the other
hand, more research will be needed to determine additional applications of PLA material for consumables.
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Fig. 2. Hydrolysis of PLA (Polylactic acid)
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Fig. 1. Constitutional unit of PLA (Polylactic acid)
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Table 1. Test set-up

Control Test
C1 C2
VGF (Kg) 36.8 | 36.8
Structural material (Kg) 4.0 4.0
Test sheet (kg) - -

Test sheet on bio-waste (%)

Composition
P TI

36.8
4.0
0.41

1.0%

T2
36.8
4.0
0.41
1.0%

¥ VGF = Vegetable, Garden and Fruit waste

4g B TAL

cmol™ A Al

A 803um + 6um, 7] 10 x 10
e a7 33 )

Fig. 3. Visual presentation of test material sheet
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Fig. 4. Pilot-scale aerobic composting machine.
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B ZaAE PLA(Polylactic acid) EH|3E E3 AR AE

S 918 Satorius CP 12001S(ZH T 12100g, &HAs] 2.1.2.6 pH

0.1g) ®=+ Satorius CPA 12001S(H ] 12100g, A% pHE EF 9589 (pH=4.0, pH=7.0, pH=10.0)2>. %

$ 0.1g), Satorius AX6202(F ] 6200g, FHAwH w7 Fof pH WEI7|E o] &3] [7|HEA HAAo 9]
Bl

0.01g), Acculab ATL-224(Hth 220g, H4TY 0.1mg), 3 SAI} AFS 7] Aol AF3e FFHFEE B
Satorius AX224(Z ] 220g, FATY] 0.1mg)E AFEE  Sth 19 BIER NS FF AR =5:1). 13]31
ot A A7 gulst 8719 FA SAS A3 24 S9E HAAX SR 4o dAd &) HEE &
Robbe Low Profile balanceE AH&-3th. 5 SAgeit

2123 A AlFEA 2.12.7 3Pt A HpAk (Volatile fatty acids)

Z g7l A HA ] HA 50%7F HEs wdd SHT FME AlsE Rt e aAE AlA
A=E AHETE 2F 10mm AE o]&3 F FolglE 3] HEA AR gtk 2 o]l etherE F7}etA
HEAA ARE AR A8 I F F2F 2mm AR S dAEEVE FEATE AR 242 Gas
Ze] #23i] o] 2HE A2 2mmeol|A 10mm Ato] ¢ chromatography = o] &3] dz ) Gas
AHES 5 Bofl I UE 2mm Ao £ 52F &  chromatographyE Clarus 4800 ZAHL  30m
Eo] Fa 7] A=tk 105TolA E8% A& ¢4 StabilwaxE AHE-$HCE Carrier gas™= HoolH 43t &
ek Goll =D wj7hx] AxEH A& F 1Yy AT TE 43 e 879 715 3 Aike] EEdoe
o 2RE 26)o] o BHEE A&t agju I wAg& o7 AREEM 2-methyl-caproic acid7} EFEEA
A A TS o83 7] 49 4s SHTh 2 AMgHY

2124 7% £+ F 13F 24 (Total solid) 2.1.2.8 Ammonium-Nitrogen (NH,-N)

717 2MEA] e el EYS w1 & 42 H NH, -Nol| th3l #2412 FIA: Flow injection analysis
A5 2mm °1’de &, Y7 55 AAS F 1y (spectrometric detection)oll <3 AT Hu|<]
B ARS A3 Az 242 A4 105CA 1447k0]  NHS-NS 894 FZ25H 44 Demineralised
o, o] % FAE ZATE 0.1%(m/m)o] FEE/A] D watersh A|50] W& 501 3 2. kR o} o] &5
2% XA AL VFoR 3 ARE T Total — Edee AHE FUUH & ASKHQ 58 Fo T4
Solid, Wdm)Z} =& &-=HMoisture content, WinoyE 7 St} Z12]al Al&+= alkaline solution®] 1% & &9
Absic), AL o 2. gEth FAE 7h A R ole §H O R AT
2473 RHEEE A A4S F3) EElEh pHE 7890

W, - (Z‘zmo X 100(%) @) EAVIE ERE 6 S8t EAGAE pH s W

b of AZto] WM3lEH 590nme| flow photometerei A
Wi o= (ml :mz X 100(%) “) NHI? -NE‘ AEA R SAAT AHES AP A8
3y 3 4" Ammonium-Nitrogen®] ZAHOZ HA|
mg PN 9 Nl 8719 FA(g) At
m, : £719 T EY 1= dF 58 A5 T

2.1.2.9 Nitrate and Nitrite - Nitrogen (NOx -N)

#2412  FIA: Flow injection analysis (spectrometric

2.1.2.5 324 118 (Volatile Solids) - 3]¥(Ash
-° B ) (Ash) detectlon)Oﬂ 913 218 = Atk Demineralised waterS} Al
3 1R 32 550 CAA ZHA 4A A%
N . 59 HE&L 51 2 «]“ 3t} F 33T nitrite/nitrate
| Az E& 7hste] AR A SAEh g2 &
5 5 5 omo done EERE AlEE Tkl Tl olmomA
e 3ol ¥ F Ux PR oZHE ARES B ]
249 HH &9 55 & SAMHETh AR & Nitrate™
W Fo] 3 mR] ko] Hh A PR Tk
_ _ FI=g YA oA NitriteZ  SHIETE Acidic
< 718 e A xolrt
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sulphanilamide solution®] F7}2 nitrite:= Z7]ol FEA]g
A3} nitrate?] Ao ZRE AAE  itrites  diazo
compoundE st} o]e|gt $3E2 N-(I-naphtyl)-
ethylene diamine dihydrochloride (NED)$} purple azo dye
£ PAsi A4€th o] azo dyes 540nmelA Z74€

JELAS= )
o daksS A AlRe F3 F 544 Nitrate and

Nitrite - Nitrogen®] A&Fo 2 FA|HT]
21210 F A2% (N)
S A|(K,SOs-mixture) =4 Sfol] 2= F7104(38

0°C ~3957) sulphuric acid-salicylic acid bound nitrogen->
salt (NH4),SOs 2 W T}, o] %ol ammonia+= 77| A+
8-3to] ammonia 2] 5HH thE-e] AAE 913
ammonia+= boric acid/indicator solution©. =
distillate €] ammonia ion< standard acid=
A= kg total solid & g2 Fo]FITh
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2.1.2.11 Rottegrad (¥]¥]2] £4%)

‘Rottegrad’ = E|H]3]
Aol ozl AA Tt
Aog F7t ThsetE s
Holok gy H)
B35 o 2%eA 5
webA] EH] R A
¢ Toax > 60C(A AAESHA
Tumax 50.1°ColA 60T
Tumax 40.1°ColA 50T
Tamax 30.1°ColA 40T
Tmax <30C(574 EH))

Rottegrad I #H71E)
Rottegrad I :
Rottegrad I :
Rottegrad IV :

Rottegrad V :

2.1.2.12 714 +4

714 CTRI columns A}H&-31= PerkinElmer
gas chromatograph® =33} th. INST L.435Manual
TotalChrom 083191 Gas
chromatograph= 10% O,, 20% COa, 30% N, 18] il
40% CH, = TAHE #F 71A E3tEol o3 wAd
ok Wl 71A A2 % gas chromatographyol] 2]
3 7= ATk

A=) [e]
B

software =

A

=
1=

2.12.13 7
Aol ALgE A5 FA S 98 AlEE 244
7+ 52t 23T, 50% FUlFEAA HEH o)F, A59
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1078 795 SAsAh 2 ISO 4593(2009)

Film and sheeting Determination of

é‘
“Plastics -
thickness by mechanical scanning”ol] &} universal

bench micrometer( &%= 0.1m= 71 3Y3}53

pH 6.2tk E3H C/N H[&2 AP el A] 2000 4]
30Atol & YElen 180 491 20~30 oW &gt
o} A3} o]F CO/NO| H&2 2307 FIHrt 1y
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Table 2. Characteristics of VGF and structural material

Characteristics VGF Structqral
material
Total solids (TS, %) 30.3 58.7
Moisture content (%) 69.7 41.3
Volatile solids (VS, %) 82.7 95.3
Ash content (%) 17.3 4.7
pH 6.2
Volatile fatty acids (g/l) 0.3
NO,-N(mg/l) b.r.
NH, -N(mg/l) 138 -
Total N(g/kg TS) 20.3 8.8
C/N (&t2/Z 2 1)) 20.0 54.0

¥ b.r=below reporting limit; reporting limit: NOx N= 5.0mg/l



B354 ZetAE PLA(Polylactic acid) EH|31=

& BENT HE

Table 3. Characteristics of the biowaste and biowaste
with test item

Biowaste Bi e +
Characteristics (=VGF+stuctural 1owaste
. 19 test sheet
material)
Total solids (TS, %) 33.1 33.8
Moisture content (%) 66.9 66.2
Volatile solids (VS, %) 84.9 85.1
Ash content (%) 15.1 14.9
Total N(g/kg TS) 183 17.8
CN (gh/A 2 1)) 23.0 24.0
222 2 2 7| ME
Hu)s} #A4 Fetdd 2% A= 17 594 2ol vEt
STk ISO 16929(2013)°ll wh=w En|s}h 7] dFU3T
60C ©]7, 75T olates frAlsliopsty. 27k Ui &
Auk, o #ago] AstE7] wiEolth A% 55U
o] Control®} A &<o] 77.8T, 78.7CE &2 A3t YE}
o] S7F 24| o]F 2% R4} o] Fol ) 181 o]
T A&AQl 457 40T Ol*o% Aato] A 3she F
Hsk HAE dEHA
CO, L& 17 6% 7‘°l R AR = Sk
WA o] wekon A7t wat Folue S B
o} gu)s} 3 1053k CO, TAo] HuFe Fds
Btk aE]a ol FHu|staA o] e wpA et whA¢
< ©mgith. PLA Sheetell €]3F CO, /el gt 74

Foliz

= 3% 73} 2l a¥ 7L a8 6o UE
Control¥} A|57F 3 A4 T3 CO, 49
2Hg A g g Zo|n o] Ail= o ATl A &
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Fig. 5. Temperature evolution during the composting test
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Fig. 8. O concentration in the exhaust air during the
composting test
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223 pH & Ei 82
27 90lA = FHH|st 3 skl pHe] HNE v
ek 27 103 112 ZHzke] #njst 871914 NH,'

-N(Ammonium  Nitrogen)® NO, -N(Nitrate and
Nitrite Nitrogen)?] F+0]5 YeHdIT) ISO 16929(2013)
o WE2W pHe EH|3t B4 F 70149 FXE el
wﬂv}ﬂ S7Fsh 50]8tE Hojx|A| °~‘OP<>F ffh’% g

Hu)s} o] Hagd g
FA”" e 7] Hﬂfo ﬂr.

}‘o]' 3|

oz

ol

Alg] vl ek Aol A= ControlJJr PLA Sheet

7} 27y pH 8.1%} 8.3S YEhHSLLh
En|st Az Al AESH #7158 el qtrue}

TAE 138mg NH' -N/I o]tk Alg &y 527} 57}
A& a8k Test 12] 789 7.6 7 o] %, Test
29] 4 9.9 o] F dEUo} 0] 20mg NHs™ -N/I
|82 FAEItE Hulsl o] B w) A e 5
=& YR

73
=
=

NO, -N¢| % 7.65 o|F BE AJF ZHol|A] ko]
kT Euls vpu sgeld gz As-
304mg NO -N/I, A2 49 212mg NOL -N1&
2k7k rebiet, Bulak el A vkA e wAlel o 2]
NH;" -N BF vk 4228 Ho|al NO, N2 3713 A
& 3714 W AE o3| Aitkst Hgo] ARSI §
ugh shgel & WS omath,

104
s_
T
o
6
4 L} L} 1
0 4 8 12
time(weeks)
Control 1 === (Control 2 Test | === Test2

Fig. 9. Evolution of pH during composting test
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Fig. 10. Trend of NH4+ -N during composting test
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Fig. 11, Trend of NOx—-N during composting test

2.2.4 |0 & Ay

T 803/m2] 10 x 10cm®] PLA Sheet2] 37} 2+
A= on FHugl 157 F St AA A9 a9 12
o} 2tk tieF 50%1E Wokslom, oju] Alg Aoz

B 28 27b52 Hold Rel Rt 2F F e

Y

—_—

T 24
E& g5 x Sem ERN M 45 Foll= He 279
Aol =717} 3 x Sem FEolATh olF FAAT7] &
EE A7 A 2Ren 1057 Foll= g 0.5 x
0.5cm (Al Z7]: 1 x 2em)elATh EW|s7} B AlA
Q1 125 Foll= AE AR difite] Algpxlon 22
wjAlg BtS B E  ASlTh o] 2AES wig- A
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RER)

olr

HE

= 10

5-10mm 2-5mm
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Fig. 12. Visual presentation of the content of a test bin
with 1% PLA sheet(Thickness: 803um) after 1
week of composting
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=—1 25100(%)
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S8 AY Aol A
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D, :

my Az nFEe & (g
Az 1PEe Ky
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my 5

3% 40 PLA Sheetol] thet 1 53 =(%)E HEH
t}. European ¥ EN 13432(2000) ‘Requirement for
packaging recoverable through composting and
biodegradation - Test scheme and evaluation criteria
nE R
ASTM D 6400-12 ‘Standard Specification for Labeling
of Plastics Designed to be Aerobically Composted in
a3 180
17088(2012) ‘Specifications for compostable plastics’
of M2 gt FA 125 o] % YA A7]7}F 2mm %
348 o] 10% v]Etolojof t). I 4014 2 4 gkl

TN
PLA Sheet % 2mm Z3E =7]9] A= 0.8%= e}

for the final acceptance of packaging’,

Municipal or Industrial Facilities’
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wor B EE 99.2%°]ch wEkAl EN 13432 (2000),
ASTM D 6400-12 12]3L ISO 17088 (2012)9] 53} 4=
9l 90%2 kel Aoz FlH ok

= v

L

Table 4. Disintegration of BG4400 (Thickness: 803 m)
after 12 weeks of composting

Remaining Disintegration (%) Remaining
Test
item Sample Sample
>2mm (%) <2mm | <Smm |<10mm >2mm (%)
Average 0.8 99.2 99.4 99.6 0.4
Test 1 0.8 99.2 99.2 99.4 0.6
Test 2 0.7 99.3 99.5 99.9 0.1
226 3=t XM

AAA =Hulake] DS 10mm o]sh SHAE] it
w40l 3] Z4€rk 10mm ©]%, 5~10mm, 2~5mm
222]7 2mm oI5} Sl i) THa] & wH R 7
Wy B 1ES PPk Al =g 3
45317] $131A4 Control A]E7} Rottegrad IV H&=
Vb slofo} gtk e #wA Akl 500mgke
ojatefof gt 3F 5ollA &Iet 4= glo
34} ojuwl AHAE WA R 99
V& Felsjo] gu)g wpgo] ehgso]
Atk B3 jHg-o] e uke} COo,

18 T ATk

KR
=

] Z

]
o1, Rettegrad

o] 2=
s E T A

2 95 C/N

=
LET

=

#o vobg o
Table 5. Chemical analysis of the < 10mm compost
fraction after 12 weeks of composting.

P cter Control Test
Cl C2 T1 T2
Total solids (TS, %) 52.5 49.8 522 43.7
Volatile solids (VS, %) 51.9 483 47.0 48.7
Ash (% on TS) 48.1 51.7 53.0 51.3
pH 8.0 8.2 8.8 7.8
Volatile fatty acids (g/l) b.r. b.r. b.r. b.r.
Total N (g/kg TS) 277 26.9 26.9 26.1
NH4+ -N b.r. b.r. b.r. b.r.
NOx —-N 345 263 56 368
Rottegrad \'% \% \% \'%
C/N 9 9 9 9
# b.r.=below reporting limit; reporting limit:
Volatile fatty acids = 0.3g/l, NH4+-N= 9.0mg/]
3. 48
&+ Aol FEE FRT AER 291 PLA
(Polylactic acid)®] A3l Aol dist &S $l8) L
271 5ol A 18O 16929(2013)9]) wheh 23S xlaatolct.



LERL TPt

=X ATE A43, 2016

(1]

(2]

(3]

[4

—

[5

[t}

[6

—

[7

—

(8

—

A 99.2%, 99.3% A&
17088(2012), EN 13432(2000).
B wEshe o)tk

A Al /‘ZHL g A

3}

d

=]
hin

U w T o

References

Young-Sun You, Kyu-Ho So, and Myong-Soo Chung.
"Trends in development and marketing of degradable
plastics,” Korean Journal of Food Science and
Technology pp. 365-374, 2008.

David T. "Plastic Waste Management," Marcel Dekker
Inc., New York pp. 1-35, 1993.

Guillet JE. “Polymers and Ecological Problems,” Plenum
Press, New York, NY, USA. pp. 45-60, 1973.

DOI: http://dx.doi.org/10.1007/978-1-4684-0871-3

Eun-Jo park, Hern-Jin Park and Dong-Hak Kim, “Effects
of nucleating agents and plasticizers on the
crystallization and crystal structure of PLA(Polylactic
acid),” Soon chunhyang University, Korea academia -
Industrial cooperation society pp. 914-920, 2015.
DOLI: http://dx.doi.org/10.5762/KAIS.2015.16.1.914

Sodergard, Anders, and Mikael Stolt. "Industrial
production of high molecular weight poly (lactic acid),"
Poly (Lactic Acid): Synthesis, Structures, Properties,
Processing, and Applications, pp. 27-41, 2010.

Parichat Intaraksa, Yosita Rudeekit, Ponsak Siriyota and
Tanawadee Leejarkpai. “Comparative Study of the
Bio-disintegration Behavior of Polylactic acid under
Laboratory and Pilot-Scale Composting Conditions,”
National Metal and Materials Technology center, 114
Thailand science park, Thailand Advanced Materials
Research, pp. 678-681, v.747, 2013.

DOI: http://dx.doi.org/10.4028/www.scientific.net/ AMR.747.678

Suk-In Hong. “Development of biodegradable packaging
material by starch,” Korean society of food science and
Technology, Korea. pp. 93-94, 1993.

Jeong-Soo Park, Hung-Soo Joo, Jae-Young Ryu,

Chae-Gun Phae and  Young-Seung Jeon, “Study of
Biodegradable Ability of Biodegradable Plastic in
Anaerobic Digestion,” Journal of KOWREC, pp.

109-119, 2002.

Koran Institute of science and technology. “Standard of
eco-friendly biodegradable polymer and development of
test method”, Ministry of Environment, pp 37-51, 1999.

604

[10] Jung-Uk Kim. “[Special Issue :
Composting of waste,” Chemical
Technology, pp. 57-61, 1989.

Nelson, D. W. and L E Sommers. "Total carbon,
organic carbon, and organic matter," Methods of soil
analysis. Part 2. Chemical and microbiological properties
methods of soilan 2, pp. 539-579, 1982.

Recycling of waste]
Industry  and

[11]

& X YJayoung Moon) [H3]3]
¢ 20041 29 : FEUTH FYs}
61-( tﬂ-rsl—}\})
e 20141 29 : Ao o)
S} (FEMAD
e 2004 29 ~ 2010 129 : A
AR FARSE A7
¢ 20149 129~ A . TY|EE
]OJ o‘i‘_Lq]
<A EoR
slet-g-s), 3ts), Aglsl, FolA
Zd H S (Myung-Hyun Kim) ("3

e20121d 29 : S=r|EuSoga

020144 8¢ : SN =d Ali
AT (M4
02014 8¢ ~ FAl . TEF
29, A+
<A EoR
WA, LAy, A
0] & EH(Young-Tae Lee) [E3| ]
e 2000 2€ : AEugn F7]
A 53T
e 2002 84 : YT NAaA
34 F 8 (F A
°2002d 102 ~ 2007d 9¥
SHEARE A AN EY
® 2007 108 ~ @A : &
ZAQ AT
<TA ok



B ZaAE PLA(Polylactic acid) EH|3E E3 AR AE

0| § S|(Hyun-Hee Lee) (359

® 1996 2¢¥ : A&wstn J|AE
tal(7) A58k b

20061 84 : AEustn 7|AE

k(7] Als-8F 24D

1995 12€ ~ &4 : 7)EFE

A9 AdAd+

<ok
714158
L & $KYou-Han Rho) [H3|2]

e 1995 2¢ : AFistu FH3t
8t} (38}

020021 129 : t(F) HFHA
A

© 20134 5¥ ~ dA . FEIN=Z
ot A7a%

605




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


