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Abstract

The high concentration of N in the wastewater from livestock farming generally renders the efficiency of the wastewater treatment.

Therefore, removal of N in livestock wastewater is crucial for successful treatment. The current study was conducted to investigate

the optimum conditions for partial nitrification under anaerobic condition following nitritation in TPAD—BNR (two—phase anaerobic

digestion—biological nitrogen removal) operating system. Sequential operating test to stimulate partial nitrification in reactor showed

that partial nitrification occurred at a ratio of 1.24 in NO. —N:NH; —N. With this result, a wide range of factors affecting stable

nitritation were examined through regression analysis. In the livestock wastewater treatment procedure, the hydraulic retention time

(HRT) and pH range for optimum nitrite accumulation in the reactor were 1—1.5 days and 7—8, respectively. It was appeared

that accumulation of NO>. —N in the reactor is due to inhibition of the NO. —N oxidizer by free ammonia (FA) while the effect

of free nitrous acid was minimal. Nitrification was not influenced by DO concentration at a range of 2.0—3.0 mg/L and the difference

in the growth rate between NHs"—N oxidizer and NO, =N oxidizer was dependent on the temperature in the reactor.
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Fig. 1. Schematic diagram of TPAD-BNR system.
Table 1. Operating conditions of TPAD-BNR system
Process TPAD e e Post—
Parameters Acidogenic Methanogenic B or Uil ezl e Aeration
Working volume (L) 14.4 36 14.4 216 72
HRT (day) 1~2 25~5 1~2 05~3 0.5~1
Recycle ratio (%) 100% (from post aeration to acidogenic CSTR)
Temperature (C) 3B 1T
DO (mglL) 0 0 0 2~3 2~4
Reactor type CSTR UASB Dergitligmg Aerated Filter Aerated Filter
Run 1 @ Without Recycle HRT of Nitrification = 3 day
Operation Run 2 : Recycle UASB HRT of Nitrification = 1.5 day
mode Run 3 : Recycle 1Q to CSTR & 1Q to Predenitrifying filter ; HRT of Nitrification = 1 day
Run 4 : HRT of Nitrification = 12 hr

ZglsE
A& 100%, ©] W F5&2
© ZH

A Table 1}

mm(HXD=25x%25)?1 &% (pall ring) e
Adolm, 7} REgx2] F
90%°13ict. 71et ApAllEt &
2t

TPAD—BNR A|AERE 2412 & 1709 7M1= 3F
=72 WEEGlo] A8ITHRun 1), A4 A4 21]
Ak A RES-C] ke sl flste] 1704 o] &
El:= TPAD-BNR 3749 ditsld HF /&S *P*M
z=2 Trﬂ’JTor EHH] 100% HkE(recycle) 3181 3L (Run 2)

[e]
ElEls

o
111
_>,i
_O,L'
3R
E
?:U
5
93
-
o)
22
Li?
N
R
o
&
olo
BN F
1o
o

W-8-0] e PSS Run 4). W 9L g SO

2 TPAD+BNR A|AE9] Akl Sz E= 7 4%

(Run 1~4) oA SFefer AFAlzle] 39, 1.59, 14, 05
]

AR GAF R 7433, ol e oA
ek A E81A U% e SeAlE Q2
FTEA A A7 AstxolA AF I AFsA L
H, EH%27] 55 2HAZE 9,000 mg - MLSS/L, g
AJdZ 15,000 mg - MLSS/LolS 1, 1009 A% 248k
o 571 & B 282 835139tk TPAD-BNR 373
& 35CE A= F2AelA 83

rf
1o

of
il

ol
:(;

S| 2Al AlS

212 ==
= A elA *F&%

a3 49 %

A= 500 mL 82

53—



Journal of Korean Soclety of Water and Wastewater
Vol.24, No.1, pp.51-62, February, 2010

= M2l SHAM SFHAXTL obEMA FHof olx|= 2

N
b
o2

0.

——] 54

MVEEATE o] &3lolk REgFol At FU]54E
W29 vigte]] AA|gk 2715 Fato] FY3 o, air
pumpts WHEEU] 884 F 57t 240 7heet 21 o]
£315th SR L= 0~100C7HA £ExHo) 7Vs3 &
Sz ARe AT, A=Y 3 Hg Alele] ¢
g3 A5S A8 fstel AdE wRks AAskelth
S AAks WhExolA AFH ke DOFE, =15, 714
S T v oA Ade sl ATl A
2 Table 29} #t}.

22 =A{ukH

A AANOs —N) 2 opid AANO, -N) <]
S0l FLE conductivity detector7} AXE ion

chromatography (Metrohm modular, Switzerland) & ©|
g3t Aot dEYoMd  ZHAE  Nessler™

Table 2. Characteristics of the synthetic wastewater
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Chemicals Concentration (mg/L)
Nitrogen source NH,4Cl 200 ~ 1,000
Alkalinity NaHCOs 2,000 mg Alk/mg NHs"-N
MQSO4 . 7H20 100
Inorganic salts CaCly - 2H0 75
FeC|3 - 4H,0 20
MnSO; - 5H,0 0.05
ZnSQOy + 5HO 0.05
CoClp - 2H0 05
Trace metals HBO 0.05
NiClz - 6H0 0.05
NaSeOs 0.05
NaMoQy - 4HO 0.01
Table 3. Components of raw piggery wastewater
Parameter Range. (mg/L) Average. (mg/L)
TSS 550 ~ 680 620
VSS 430 ~ 560 480
TCODcr 4860 ~ 6,700 6,440
SCODc¢: 2,480 ~ 5360 4,160
BODs 1,780 ~ 4,500 2,850
N 300 ~ 660 475
NH,-N 250 ~ 430 350
TP 46 ~ 60 53
pH 72 ~ 78 76
Alkalinity as CaCOs 1,900 ~ 2,480 2,180
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Fig. 2. Variations of nitrogen oxide(NOx-N) in TPAD-BNR system.
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Fig. 3. Variations of nitrite/Ammonia ratio in TPAD-BNR system.

——] 56



ABAE SR

2473 135, pp.51-62, 24, 2010

Table 4. Result of analysis variance for nitrite build-up of HRT in
nitrification reactor

HRT(hydraulic retention time) Nitrite/Ammonia ratio
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values are not significantly different at a=0.05.
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Fig. 4. Effect of reactor a) FA and FNA concentration, b) nitrite/Ammonia ratio on nitritation rate.

57—



Journal of Korean Soclety of Water and Wastewater
Vol.24, No.1, pp.51-62, February, 2010

£ A4+ Hel BHoIN BAXI} olAY SH

+ DO00OmgL —® DO 1.8mgiL
A Dozemg/L o DO 4.2mgll
£ g g B ] - &
c —
S 60 | § B~ 3
E TR
.
g a0 | \0-~ .
< o- §
20 O
0 .

Operation time (hr)

(a) Ammonia

T

el Ao 2 Yyt kst g aglo
e sk, Whg-Zu Nitrite %
NOz —N oxidizer 54l 2J3f 7]Q1%
Fig. 4(b)+= TPAD+BNR 3742 #4l3
AHY W pHell mhE oA Ao} bR
H]E UERd Aot} pH 7~ 85 HE
obiolA A4 9] HlE tFE eky o))
7~8 HL] oA N1tr1te/Ammoma°] H]= oF

2
_
=,

s >E Y

ORI S li-mo flo
FN &)
=

;
>
(o3
o
L

= |o

\)
O

=

3

th Z12]u pH 8 o dellA obdabd dagh etujebd A
5

9] W 14 oo 7 Vet

S-A31GS ] QP ARl oA AAE F24] 4l o]

3 AR AEAAY K9] P58 A0

HESZ U2l 7] oM Xa]io %:E% 100 mg/L
T2 Sith A8 8 25 35TE AAslo] Altel
v wsle g
I} £k 0] 5= 0.5 mg/Lolslel|A Nitrite7} %2
ks A (Hanaki et al., 1992) 2} 1.5 mg/L ©]&}e] v
DO &E9] Akx7) Aets 27 (Bernet et al., 2001; Ruiz
2004) ¢4 Nitrite :@é
FEsliths AgA72=4] A7 435 EUE DOF

| & O}Qﬁﬂ
t o]—lj]/]o]_}ﬁ X]
27F A2 AkskeE]A) ¢kgkom, DO 1.8 mg/LellAe At

oltt]od] A&} odA] A9 s

32 r[m

et al., 2003; Wyffels et al.,

0, 1.8, 2.6, 4.2 mg/Lz=14 DOE %=
FE= W3 DOEE 0 mg/Lellx

——] 58

2

g > Yo
=

10 ol
o 1o

N 2

i
&

oz

oX ox
ftl
B B

i)

o o

I
of

k]
jaw

60

—e—D0 0.0mg/L
50 | —~—DO 26mgiL

—=—DO 1.8mgiL
—0—DO 4.2mgiL

40

30

20

Nitrite Con. (mg/L)

0 2 4 6 8
Operation time (hr)

(b) Nitrite

ig. 5. Ammonia reduction and Nitrite production rate versus DO concentration.

5 Se Yol AsHE ik
DO 0 me/LelA 8417 <k oF 9% A2 Araheigli-vl,
Ol ] S AR} Hbg U] olEol kL 2 A

o) 2Jajo] AR A ow PRkt B DOBE 15
mg/Lol3elA] obaAtat nrgol @omqw spoi] upe} 3

A% DOEE 1.8 me/l 4
Z20] Abs} 9l opdakg é‘i*ﬁ*é% 7]EH0}%£ piask
oMd AAe AFEHES oF 26%0130T . tRUo] A9
Abslg 4l obdAd AAe] AsE2 DOFE 2.6 mg/Lell
A F&doks] ALAAS f2817] Yot Fekst 211 oF
HYold Ao} obdabg A4o] ul7k oF 111,24 5%,
ol &4 W20 DOFRE °oF 2.0~3.0 mg/LellH 9]

Axte}l FAFSIITE 3 5(2007)2 HRT 0.5day, 35°Cel
A1 0.8~3.9 mg - DO/L ®$]ellA o} aAts)l wh-gof] o]
e o2 YERt 2 Ao Aol fAkeRGIT

wepa] 2 AreA] g4 w57 2.0~3.0 mg/L
Ll M = DOE 7 obdAksl %2 ghgoll wx|=
A= ZoZ UehtoH, o) 127 w2t
of mdepr| Aol v Akl st vAERre] DO
ARl B 2310] & F YA, SHLE 35CellA 7]
4 & A o] wel| A-3uo] TR Aufsl Adolst
A vepd R o2 ghoke)



1T
H—
1=
B
=0
02

. QOo§5} - Bty . ghALD|

o= 89| X,
243 13, pp.51-62, 28, 2010

250

—#—NH4+N
—+NOZN
200 9 —&—NO3-N

m
=]

=]
=]

Nitrogen Con.(mg/L)

50 A

0 100 200 300 400 500
Operation time(min)

]
53]
=]

—+—NH4+-N
——NO2-N
—4—NO3-N

= (&)
o =1
=] =1

=]
=1

Nitrogen Con.(mg/L)

50 4

0 100 200 300 400 500
Operation time{min)

(@ 25T (b) 35T
250
——NH4+N
) T NOZN
200 1 —4NO3N
)
)
E 150
c
Q
[&]
s
2 100
g
£
50 -
0 ﬁ E i . : : :

0 100 200

300 400 500

Operation time(min)

(c) 45C

Fig. 6. Effect of different temperature condition on rate nitritation.

NO& A5 aﬂl‘i‘”‘:} 250 uE Nitrite 2] 4352
35CelA 71 £ m&o] Yerfglet, o) 334 4
dof] AREE &7} 4713 35Tl ASH ] WEo=
Atz EE, 25ColME dEYold Aart ArstE ot
Nitrite 2] /32 v|u|38l3lth 45CelA= hvjold 4
20 2hsl7t A8 JE A gk, o= A0 Qg
u| A Eo] AE ol Aikslgo] Wgkor, AlslE Y
oMd AAe] A= 71l gato] AAH Ao Ak
NH; =N oxidizer$} NO, =N oxidizer 2] H]Ad7& x}o]
© 35TeA v T3l gl ofdaks) e
Hol= Zo= AztErt

Fig. 7> tEUold Ai9] 714538t wh obdig
o] AgHeS 3t AE Fste] VR Aol {4
AR oM A4 FEE 150, 300, 430, 800 mg/L7HA4]
gejato] AEE T A hrold A9 Albslel w)

£ oFkY A8 AEE visiglt, o)k LT}
W5 gHElold A2 ol H2H3] WO Wt
) &ZE| w7t skt 1,000
2 HFE A% s

35 MAkE X5l Y &K Product inhibition)

4 &2 FA(free ammonia) o] 23 SA438)E
iy FAE AR UoMd A4 5, 25 W pHell tiahe]
Bl itk 53] pH7F 7P 2 S el
W pH7} #& 49 FAE ol EAsHA Hrt =g
NH,"—N oxidizert} NO; —N oxidizers 250l whehr]
717y o A3} ol|AE 7 AL Stk NO; —N oxidizer
T4 ~ 34C H9elA skt A3telldA] ZhEa) Q) 23.8
KJ/mol& 7143t 9)om, NH, =N oxidizer 2590l

)
p
toby
=)

,d
&
rJ
)
i
N

N

]aL
7

59—



Vol.24, No.1, pp.51-62, February, 2010

Journal of Korean Soclety of Water and Wastewater

b

H M2l 3

Holl Al SH ATt obE

A

(b}

of
=

=
=

P
=

ol o|x[=

02
oo

800 400
) —e— NHA-N(150mg/l)  —&— NH4-N(300mg/L)
—=— NH4-N(430mg/l)  —*— NH4-N(B00mg/L)
700 4 wome NOZ-N(150mg/L) -t~ NO2-M{300mg/L) [ 330
O NO2-N{@430mg/L) - NO2-N(800mg/L)
600 - 300
=
E 500 - I 250
g
o 400 200
~
=
E 300 150
E
=T
200 100
100 { 7 - 50
0 o= T T T r 0
] 100 200 300 400 500
Operation time (min)
Fig. 7. Effect of Ammonia loading on ammonia reduction and nitrite production.
250
+ +- Ammonia
\ —O— Nitrite
I 200 O.Q O— Nitrate
=) \
£ *oy
c ‘.
g 150 \’
3 o0 00000
z“ . ) - .__7_.,..0 *
£ 100 P Qe S
: AN
E ,,J:r u{l
L-4 Ing o O
50 oa” o o,
o S o,
fporeeoer®  "a
0 & ‘ ==
0 200 400 600 800 1000 1200 1400
Operation time(min)
Fig. 8. Variation of ammonia consumption and NOx oxidation in batch test.
el 11°C ol8tellX= 169.5 KJ/mol, 11°C o)/delA+= 429 AAS BAAE 8AZF o]

20.4 KJ/molZ R 1 J=d (g,
U)o webA] Nitrite7d %2 5= 982 Zchar akick
A AAks: Wh2ollA] NH, N oxidizer= FA SEHTH

1999), ] &3} <] Are

AbsheA] ekgkar A
A3} P2 QI 3 Nitrite7} 93] 40
Ao A7) AbslE Ao 2 7ok o
ole] Artsh=
2SkTt. Nitrite7F €H4138] %] 1E W] pHE

3

Nitrite Con. (mg/L})

T 27F HReE TR IS = 2 2E Ko, NO; —N o] e E 4Rel W pH AtE Y
oxidizer= &5=HTHFA 557t Q&S 713 o2 A7t Z18 =] A

Hok sARE 322 oM e RG] Akl Aot 5.30]%ct

WS Wol: Qli=vl, Fig. 8< % z%y.va LANA oF 84] oleld WS UwHo

WM PR kYol Ao Abglel okl A Andrews £

2] % Haldane
SEE)ole} el wslras)l Askgrlel gk

P
—|_J_.%

< o o] YoM
= Nitrite”} NitrateZ 3

CE AN

(=

9714



o= 89| X,
243 13, pp.51-62, 28, 2010

Aaffgl }7}?(1 3l| (self—inhibition) ¥/Jo.=2 A=
3tk o] A ma Fellel st VAR e 7]
A 2l :64 T MAEE A7EAE7) el aao]
A8l 431702 WAshs 20X ohd dael WAy
o] Wk 5 AA oA] BEE allgro M K ow
A=A 218t otk Andrews (1968) ol ©jshw

mﬁ Ml

WS 4= (reaction kinetics) of] #]X]= 714 2714 &<
Gk ko V)7 FreMe we& ) 717 o] Fote) ¢
7 S7Fk, 714de] S7Yske] Hulgkel Teeld 1 o)
9] 71AE% = A A4S et SR E 1AM
= Aol

melA Fig, 8o YEht dARE Axbsl ujAlEQ]
Nitrosomonas sp.$+ Nitrobacter sp.= B3R

(commensalism) ZHAE AFaFgate] et o=
Nitrosomonas sp.2] A’dE°] Nitrobacter sp.2] 714 =
ol g FASHA At kARt & AF (3] 27) ollA
Nitrosomonas sp.2] A4/d-21 NitriteZ} S7Fske] Hols
Fof =dabd A E Nitrite?} 23|18 Nitrosomonas sp.
o AsE F= x7}A 8| (self—inhibition) Y} product
inhibition {702 A& = ik Hgk A7 900+
oM HZF pH7E 5.3 & W FASH FNAS] s%i 0.027,
2.89 mg/L= FER} FNA°| eJste] AAts} n]gEo] #)3)
= ke Ao Az

4.4 E

CNB|7} k2 Sk =] daA]2] S 915 TPAD-BNR
ol opdAatste] o] 9714} Ak 9S-It
= FABGITE F2 AAIEE fesk] Sl A%k
&4 A9 Av} FAakslzeA NO, —N/NH, =N<2j 87} of
L3R FdAtsE A= glon], vafdt 3 A9
£ Foto] A%A TN A opdAtE) W2 1%

Qo] TE S RS, olel the A thew

r

=

D 25 485 asE AAus A ok %
29 FAE& flet 72 ghA AFAIFHRT) > 1~1.5°E1
o|glar, oju] ofAA I A9l PR A9 Hl=
oF 1.240]%itk HRT 12hr¥-8] A4k} H-g-o] W a)w] %]
2¥gkom], HRT 3Uelx= opbdald e} ety olyd
A0 v7h 1.4 Y52 IS MaE= Ao L)
Wit

2) A9 opAd AAasl ol A9 vlE A5}

7] 95 A4 9] pH 27132 7.5 oA ok 1.2901917,
pH 8 odellx]= hRold Ao Alslgo] wolx]=

A& ATt ZAksh vhg 2 Ul ofgAad Al
%242 FA(free ammonia) ol ©]3F NOs =N oxidizer
o] Aol ot Z o7 eI, FNA(free nitrous
acid) 9] &2 mu]sieick
3) Hkex2] 4 DOEE 2.0~3.0 mg/Le] WElelx DO}
oS} HEGol mA= P gl wheEe] -4
25 ] H]ri} NH4+—N oxidizer 2} NO; —N oxidizer 2]
2 35A A Esle] ok 2 99t}
4) é‘ﬂ‘lﬁ]r v &R NitrosomonasSt Nitrobacters= %
A (commensalism) #AZ A5 2g-a10] A4 sl
dl, ©1%= Nitrosomonas®] “878E°] Nitrobacter £ 7]
AR o] gxo] FASHA k. sHAINE 2 3] Ao
A Nitrosomonas®] 28’351 Nitrite7} Z7Fsto] #oh
Ero  Egstd AYE NitriteZb  23]H
Nitrosomonas®ll A& S 5= product inhibition &%
o] Tz wglont, o] Fite) thgt It W 1Fo] Fea}

ok

(¢3

AF A

o] =52 20084 FHeleh
T A glel) glafo] ATHAL

SeATA AR Y

e

l]

179 (2006) S5A1E BV sk ] okl Wk
AT 7HHE elEEF 8], 22(3), pp. 540—545.

YA (1999) DAshikgel v Bele] 3T el
%, FHojst,

A85, 458 (2003). A8
wel A% e

o3} W7ol F71EE

38731, 25(8), pp. 963—969.

HA)F, o] 89, 473 (2001) AEIA] oAl oA o] &
o selA A 3 R W s AAA. oferet s
87577/, 23(3), pp. 371-381.

1, WAA (2006) =AML #7143 %
o] gk vk AT HlelA ] E4.

?}%@@//{/ 22(2), pp.258—263.

213, AN, §FF, &5, S, 17 (2007) HERTAE

= 13 &7 pilot plant F=4} opbAAls} WEE-ZoA 24
A4 By FEEE olEEg e8] %), 23(5), pp. 636—641.
AN (1999) FHL2FFFATH 371%.
Andrews, J. F. (1968) A Methematical model for continuous

A7 SlefA] 2

KA G

ot

culture of microorganisms utilizing inhibitory

substrates. Biotechnol. Bioengr., 10, pp. 707—723.

61|7



Journal of Korean Soclety of Water and Wastewater
Vol.24, No.1, pp.51-62, February, 2010

N
b

= M2l SHAM SHAXTL obEMS FHof o|x= ¥&

Anthonisen, A. C., Loeth, R. C., Prakasam, T. B., and Srinath,
E. G. (1976) Inhibition of nitrification by ammonia and
nitrous acid. J. Wat. Poliut. Control Fed, 48(5), pp.
835—852.

APHA (1995) Standard methods for the examination of
water and wastewater, American Public Health
Association, Washington, D. C.

Bernet, N., Dangcong, P., Delgenes, J. P. and Moletta, R.
(2001) Nitrification at low oxygen concentration in
biofilm reactor. J. of Environmental Eng., 127(3), pp.
266—271.

Hanaki, K., Hong, Z., and Matsuo, T. (1992) production of
nitrous oxide gas during denitrification of wastewater.
Wat. Sci. Tech., 26, pp. 1027—-1036.

Hellinga, C., Schellen, A. A. J. C., Mulder, J. W., Van
Loosdrecht, M. C. M., and Heijnen, J. J. (1998) The
SHARON process; an innovative method for nitrogen
removal from ammonium—rich waste water. Wat. Sci.
Tech., 37, pp. 135—142.

Ruiz, G., Jeison, D., and Chamy, R. (2003) Nitrification with
high nitrite accumulation for the treatment of
wastewater with high ammonia concentration. Wat.
Res., 37, pp. 1371-1377.

STOWA report (2001) The combined Sharon/Anammox
process; A sustainable method for N—removal from
sludge water. /WA Fub., Alliance House.

SAS institute (2003) SAS OnlineDocm, Version 9.1. Cary,
NC: SAS Institute.

Turk, O. and Mavinic, D. S. (1989) Stability of nitrite build
up in an activated sludge system. J. Wat. Pollut. Control
Fed, 61(8), pp. 1440—1448.

van Hulle, S. W., Volcke, E. I. P., Teruel, J. L., Donckels, B.,
van Loosdrecht, M. C. M., and Van rolleghem, P. A.
(2004) Influence of temperature and pH on the kinetics
of the SHARON nitritation process. /WA 4th World
Water

van Dongen, L. G. J. M., Jetten, M. S. M., and van Loosdrecht,
M. C. M. (2001) The Combined Sharon/anammox
process. STOWA Report, /WA Publishing, London, UK.

Wang, J. and Yang, N. (2004) Partial nitrification under

Congress, Nitrogen Removal I, pp. 19—24.

limited dissolved oxygen conditions, Frocess
Biochemistry, 39, pp. 1223—1229.

Wyffels, S., van Hulle, S. W. H., Boeckx, P., Volcke, E. I. P.,

O., Vanrolleghem, P. A, and

Verstraete, W. (2004) Modeling and simulation of

Van Cleepmput,

oxygen—limited partial nitritation in a

membrane—assisted bioreactor (MBR),  Biotechnol.

Bioengrg., 86(5), pp. 531—542.




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


