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Abstract

In Korea, the chemical oxygen demand(CODs.q) in freshwater sediments has been measured by the potassium
permanganate method used for marine sediment because of the absence of authorized analytical method. However, this method
has not been fully verified for the freshwater sediment. Therefore, the use or modification of the potassium permanganate
method or the development of the new COD;cq analytical method may be necessary. In this study, two modified CODjcq
analytical methods such as the modified potassium permanganate method for CODwm, and the modified closed reflux method
using potassium dichromate for COD¢, were compared. In the preliminary experiment to estimate the capability of the two
oxidants for glucose oxidation, CODw, and COD¢; were about 70% and 100% of theoretical oxygen demand(ThOD),
respectively, indicating that CODc; was very close to the ThOD. The effective titration ranges in CODw, and CODc; were 3.2
to 7.5 mL and 1.0 to 5.0 mL for glucose, 4.3 to 7.5 mL and 1.4 to 4.3 mL for lake sediment, and 2.5 to 5.8 mL and 3.6 to 4.5 mL
for river sediment, respectively, within 10% errors. For estimating CODx.q recovery(%) in glucose-spiked sediment after aging
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for 1 day, the mass balances of the CODwyn and COD¢, among glucose, sediments and glucose-spiked sediments were
compared. The recoveries of CODwm, and CODc; were 78% and 78% in glucose-spiked river sediments, 91% and 86% in
glucose-spiked lake sediments, 97% and 104% in glucose-spiked sand, and 134% and 107% in glucose-spiked clay,
respectively. In conclusion, both methods have high confidence levels in terms of analytical methodology but show significant
different CODs.q concentrations due to difference in the oxidation powers of the oxidants.

Key words : Freshwater sediment, Chemical oxygen demand, COD¢y, CODyn, CODseq
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Table 1. Number of the sampling sites for river and lake

sediments
Hydrosphere River Lake Total
Han-River 9 34 43
Nakdong-River 9 23 32
Gum-River 6 15 21
Yungsan-River 6 11 17
Total 30 83 113
2.2. Al%ixﬂg_
2 Atofl AR AFSHA| Rl A APAE(KMnOs,
Dongyang Chem., 99.5%)3} &I-SAPZ-E(K.Cr,04,
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ol 4% O} =LEH(NaN;, Daejung Chem., 98.0%) &
N3} 1% =(soluble starch, F9F)-&<H, 0.1 M Ak
A 1Mo ke(Fe(NH3)2(SOs): - 6H:0, FAS, Daejung
Chem., >98.0%) &ML 7} AJokS ZFx(Distilled
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2.4.1, MaH|9| AtgtE Al

COD 240 SlojH ALHA|2 AFgEle Tzt
283} F2BAER] et AskelS v)s}] 9is)
o] Bd G752 glucoseS A3} L] Glucoseo]|
i3t COD 5%+ 10,000 mg/L F+= 100,000 mg/L
of glucose 5§4S A2 COD HEE =43
5 olg ThA| AHE BB UL wslel TS
glucose F3(ke)F ZHH A4 27 mg) 02 THI
S19ith. 2 ApAO] ABHL COD 2|2} ol 4F
4~ Q 715K Theoretical Oxygen Demand, ThOD)2}-2] H|
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8J3to] CODE =743 3 o]= mg COD/kg glucose
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At - o] refsto] 89| FA(g)E F3i(mL)
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H3&HE2 10,000 mg/L 849 AL 7+ 1.004 g/mL
2} 99.0%°]™, 100,000 mg/L 8oHe] HL zZ}zk
1.035 g/mLe} 90.34% 2 AP E| =T, o] & o]8-3}
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3.1. Glucose0f| CHSH DfUZMZIETL ST EMZIRO| Aol
=4

Table 20f+= glucoseo]| tfgt Id7HAEEEY 3
FAPES AbElEe vlust d3E veiich
Glucose 20| Z} ASIA|E Yo ASIA|Z] & COD
e 5747 23, FaEAEEe® S4%COoD g
2 4t 1,059,000 mg/kg-glucose= LFERL ThODSI
1,067,000 me/kgoll A] A3k Lebgrze], ol
Cr,07" 2] AkslEo] 682l glucose(CoHi06) & 7]
o] &3] AkstA|Z Wb Fetng fU|Ed v s
anxon Gehlis A7l B 4 S Ao v
ik vH, RS o8]t Ak e RES
4t 743,900 mg/kg- glucose &2 LEFL} ThOD tjjH]
oF 70% Hm=of AFekeS YER it webA, EXE



186 A - AT} WP - B - 0L - 3] AL - ARA - FIelo) - YA - A
Table 2. Capabilities of KMnO, and K,Cr,07 in glucose oxidation
CODwy CODc,
Titration volume for Blank(mL) 10.15 5.90
Glucose concentration(mg/L) 100,000 10,000
ThOD(mg/kg) 1,066,667
723,500~759,800 1,022,000~1,130,000
COD measured(mg/kg) (average = 743,900) (average = 1,059,000)
67.8~71.2 95.9~105.9
0,
COD measured/ThOD(%) (average = 69.7) (average = 99.3)
Standard deviation(%) 1.40 4.60

W f71=ol gt A e ek SAFAES ©]
S ASIA |7 PR O & AlSEA E|ohs -9
u]sf o] 2Xo]| 7F7ke: fks e A o= AbmEct gt
H, Table 2¢]] YR 213} ZFo] 14 g8}z o] 719, 3t
WAPFES o 83 Alste] 9, 45l 429 @
27} 1.40%2 LFERY 2317} 4.60%21 KoCr0rS- 018
AT AT © 2 VA UeR ) 2 @S Vet
Witk S3EARES o83 COD 542
SR CI, Cr, Fe'' 9} 22 o] 20| o3
Ao 7 defA] glo], FA=2(HgSO0s) S U5}
P& Aloje 4= Arh(Fishman, 1989). whebA]

0] g g =ol| wheh A0 9wk
Al 2785t a2l AT 49 o
7P 4= k& A SR AlE L

%

=

i
oo e

=

i

fto

3.2, Glucose FEIZHO| M2 AZHHZET FSIEL

= o
Z8o| HUUe 2

t}. Table 3o]] YERH v} ZHo] glucose 2] 9F2] WH3}H
of| T2 CODmy &= WIS 2ARRE A1l glucose 5=
o]2Fo] 0.0186~0.0402 gol| 4] 705,900~775,100 mg/kg
He| 2 Yk ThOD it} Blasto] 66~72%9] 4Hsh
&= ekl o= yeton, ojo 2o 4lekaS
A ] 3.21~7.54 mLoj| A UERAT] E3E Fig. 19
e BRel o] CODww el w2 S48 A&
= A7gkell wet o=A yepyted, AR 7.54
mL o]stof| A Agh 7k} @ 27F10% oW & Lrebkk
O, AAgho] 7.54 mL o] 4Rl - Aufgh 11o] &
A7110% o] 3o &2 = YebTh wheba] Al7o] 4

7ol 1A1ZF 59k 7hank-g3t Fof 1 N Zhgzhibz
Fgolo] AL M3t ko) 30~75%7F YE= A=k
& 2AsH: o) 7 ARl e Anks 4710l A
datrhar Aot g, FUgh Almskel dis) 22t

33)4 uhE A BAISE A B4 07 1% AE
o] e Ao Lrepgel.

Table 3. Results of the CODw, for glucose

Glucose  Titration Average Average
volume volume CODwi titration CODwn
(@ D) ™% lume(m)  (mg/ke)
0.0046 10.3 608,696 10.30 608,696
0.0104 9.36 630,769
0.0109 9.28 631,193 9.26 641,062
0.0098 9.38 661,224
0.0159 8.14 719,497
0.0165 8.08 707,879 8.17 709,770
0.0155 8.28 701,935
0.0186 7.50 752,688
0.0194 7.54 713,402 7.48 723,991
0.0204 7.40 705,882
0.0312 5.17 747,436
0.0306 5.30 745,098
0.0296 5.48 745,946 531 747,120
0.0304 5.30 750,000
0.0352 4.33 757,955
0.0353 443 744,476 4.35 755,701
0.0351 4.29 764,672
0.0401 3.39 759,102
0.0400 3.31 769,000 3.30 767,742
0.0402 3.21 775,124
0.0455 2.80 720,879 2.80 720,879
0.0516 1.00 775,194 1.00 775,194
0.0598 0.10 729,097 0.10 729,097

Titration volume for blank = 11.0 mL
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Table 4. Results of the CODc; for glucose

Glucose  Titration CODe, Aver?ge Average

volume volume titration COD¢;
(g) (mL) (mg/ke) volume(mL) (mg/kg)

0.0314 5.50 10,190

0.0415 5.30 11,570 5.5 10,790

0.0226 5.60 10,619

0.0714 5.00 10,080

0.0719 5.00 10,010 5.0 9,737

0.0790 5.00 9,114

0.1137 4.30 11,260

0.1170 4.40 10,260 4.5 10,090

0.1096 4.70 8,759

0.2244 2.95 10,520

0.2277 3.00 10,190 3.0 10,290

0.2204 3.10 10,160
0.4008 0.80 10,180
0.4126 0.50 10,470 0.4 10,330
0.4564 0.00 10,340

Titration volume for blank = 5.9 mL
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Fig. 1. Determination of the titration range for COD, using
glucose as a model contaminant.
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Fig. 2. Determination of the titration range for CODc¢;, using
glucose as a model contaminant.
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Table 5. Result of the CODw, for lake sediment

HAY - 243} - AT -

Sample  Titration CODug, Ayergge Average

volume  volume titration CODwny
) mL) KD lume(ml)  (me/ke)

0.5936 8.43 50,500

0.5141 8.90 42,400 8.62 48,200

0.5451 8.53 51,800

1.0455 7.72 40,500

1.1019 7.40 43,500 7.68 40,600

1.0276 7.92 37,300

1.4582 6.62 42,200

1.5262 6.17 45,400 6.40 43,600

1.5084 6.41 43,200

2.0537 5.60 38,600

2.0055 5.42 41,100 5.43 40,100

2.0931 5.27 40,600

2.9839 4.38 33,700

3.0112 5.19 28,700 4.82 31,100

2.9549 4.89 31,000

4.7556 2.54 27,900

4.5358 2.59 29,000 2.32 29,200

4.7297 1.83 30,700

Titration volume for blank = 10.15 mL

Table 6. Result of the CODwy, analysis for river sediment

Sample  Titration CODyy, Avergge Average
volume  volume titration CODwim
() L) M%) (oume(ml)  (mg/kg)
2.0410 9.49 1,750
1.9602 9.13 2,820 9.23 2,490
2.0378 9.06 2,900
4.9935 7.98 2,350
5.0587 7.45 2,890 7.65 2,660
5.1785 7.53 2,740
10.3722 5.84 2,250
10.1082 5.80 2,330 5.84 2,280
10.2148 5.88 2,270
15.0270 4.59 2,010
15.0372 4.10 2,180 4.30 2,110
15.0594 422 2,130
19.3785 2.95 2,010
20.5513 2.56 2,000 2.95 1,970
19.4326 3.33 1,900

Titration volume for blank = 10.15 mL

7P A Qe ANgS 9S4
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CODmn ¥} Aol ©1-8-8 A FLT A =& A5}
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72%Y A% FAEAE A F A1}t HAZ)3.60~4.5
L% S5 28 2| 2] 2 gzrol 71 Eal gl
0] 60~75% U 75 BIgITE] @AF7F10% o= 1t
Ehp 2 Ashohar BheElo] B4 HEL 0.0475 ~
0.1558 g, 3P E| A &2 0.1010~0.2348 g2] HE| o
A AEA Q= AT 918 2 9lS Aoz AlRETH
CODe, ] 7% 5 452t 51215 4 9] 293
Hggre) A7} A Uehhs Ao Mol A5 <)
A37), 24 4 871Eslek) ulet 2Agre] It 3

) LePLRs 2105 ghebic). whebd CODyn iz} )

Table 7. Result of the CODc; analysis for lake sediment

Sample  Titration Average Average
CODc¢; .
volume  volume (mg/ke) titration CODc¢;
(g) (mL) gxe volume(mL)  (mg/kg)
0.0314 5.00 99,910
0.0201 5.10 138,700 5.05 117,400

0.0261 5.05 113,500
0.0518 4.30 107,700
0.0475 425 121,100 428 112,900
0.0507 4.30 110,000
0.1179 2.40 103,500
0.1089 2.25 116,800 2.02 107,000
0.1558 1.40 100,700
0.1945 0.70 93,200
0.2214 0.50 82,020 0.60 90,950
0.1852 0.60 94,650
0.2658 0.00 56,220
0.3357 0.20 59,190 0.07 57,860
0.3356 0.00 58,163

Titration volume for blank = 6.0 mL
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Table 8. Result of the CODc; analysis for river sediment

Sample Titration Average Average
COD¢, L

volume  volume (mg/ke) titration COD¢;

(g) (mL) £ volume(mL)  (mg/kg)

0.0586 5.20 12,940
0.0619 5.15 13,130 5.12 13,260
0.0711 5.00 13,720
0.1175 4.50 12,910
0.1010 4.70 12,870 4.60 12,560
0.1184 4.60 11,900
0.2158 3.90 10,040
0.2348 3.60 10,610 3.83 10,180
0.2082 4.00 9,890
0.4143 2.60 8,630
0.4252 2.30 9,170 2.50 8,890
0.4028 2.60 8,880
0.7027 0.30 8,640
0.5963 1.30 8,360 1.00 8,360
0.6035 1.40 8,080

Titration volume for blank = 6.0 mL
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Table 9. Results of COD analysis for glucose, sand, clay, and sediment

Sediment
Sample Glucose Sand Clay
Lake sediment River sediment
CODy 71,814 704 1,147 40,110 2,280
(mg/kg)
CODc 10,195 299 945 107,000 10,180

(mg/kg)
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Table 10. Comparison in recovery(%) between CODwi, and CODc; for glucose-spiked sand, clay and sediment

Glucose-spiked

Glucose-spiked

Glucose-spiked Glucose-spiked

Sample Sand Clay Lake sediment River sediment
CODwa 7,346 + 833 8,514 + 458 95,157 + 8,228 7,199 + 177
CODwn (mg/kg)
Recovery(%) 97+6.3 134+£22 91+8.5 78 £2.7
CODcy 1,042 +£32 1,549 + 198 337,462 + 44,599 103,151 £23,408
COD (mg/kg)
Recovery(%) 104+4.2 107 £24 86+ 15 78+ 19
3.4 CODwn 'H2t CODc, #2| H|xz Fig. 32 A|H3t sld 9 4 E%E2] CODgy &
Glucose 3! A 2|59 CODwn H} CODc: Y & éifﬂ AAIE 0]-§5to] CODMiH Y} 512 4

H?-qu_ 34149,] Z%X-II:HHE zl-& _/,\_ o] ou:] E%
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o] 4BtE of 70%, FAFAPEES] 4lekeE of
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l;_;ﬂ HA—]E]J; 74_‘% oF A oh—;]_ 50]5—]. j,—_ﬁ\_glx-] h=] o
XS AL CODwa -2 31,100 ~43,600 mg/kg &2
Ul o, CODe, -2 107,000 ~112,700 mg/kg 2.
2 UEht CODer 23Hgho] oF 2~3ull7H 7 54
Hochk E3F YU SHHERES AT Ae
CODwi -2 1,295~50,190 mg/kg & LFEFFEO.
COD¢; W2 3,554~193,430 mg/kg 02 FAEHE
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Fig. 3. Relationship between CODwy and CODg; values of
river and lake sediments.

60000

BEAE Yepd Ao 2 maE A4S SHENE
—4 ZA$-y =3.256x, TAEAXES F y=3.091x§
719717k A2] 33, 3.12 ek} Bolg
4% o] P Aol ALY~
o, HEe] 220 A E Aol g
Uehil AS o 4 2sich 5 ARANR) L
69 (SHE2E), 0.918(E4F|2aE), AR 7}
2( PAEAS), 0.958(Z B 4E) &2 U +

puzre] gErgel #2 7

0

O

ol

feig
=
o
=
=
0.8
0.9
=S
T’_T

Ao & dekeEnh

3.5 CODse®t £Q7IEIA
f7120] Aupe]
F f7le 719 4 a& & s gl 1250}
3 Bl FRATE
£ 5E B «lUloPEﬂl BOD, COD2} 7] =
{71 9.99] AERA AGED], 57129 A5}
/LI-EHQ]— sk $7)F o0 2 AshE AEES =4I
A SFe L 7P QION(Y, 2011) £ AT A]
© COD. ATHgle] A =S Beishrlo] 43t
oz} wislgich. olo] £ Qo)A E&% CODy,

O:

7} CODc, W& ol-gato] AIFT Almo] 2447}
ol tigt AL EE Beal] Sls) EAA YA R o

Sfo] BAT F-6715kd Zukgrue] JTHEE Anin
gtow] 7 ATH= Fig 49 Lotk CODynit
TOCY] A AS(R)7} 0.647, CODc: 2} TOC 2] ARt
AGR)7H0.715 0 2 vl A - HF| ATAS

7R Aoz yepth ol sPaEAEW CODw
W TG = AUEAE Uitk ol

& (2009)°] ATFAIHR® = 0.907)2} ¥} 5 (2012)°]



U HE &) CODses w41 71 CODn'H ¥ CODe i 9] A1)/ B A vlal 191

B3 FAEFH B &5 A CODwn it F-7-75h4
210l & ABVAR’ = 0913)5 vehfgieks o
FATSNE QAT & 4 ek Wb 1 Aol
Al =T Al ‘TJrEP Al&EF CODMn T} CODe,
O] AR = A= St 0 & JhhE T
70000
(a) COD,,, vs. TOC
60000 |
50000 .
2 o !
D 40000 | . *
£ © e
F 1 L .
g 30000 "y 2
o ° 4
20000 | " ‘v
M %8 o 21173 x
10000 1 o S e (R=o¥e471,1n723= 0.419)
o +*° : . . . .
0 10000 20000 30000 40000 50000 60000

TOC (mg/kg)
(a) CODmn vs. TOC

200000

(b) COD,, vs. TOC ®
150000 | .
G . y
= . K]
g’ ° o
= 100000 ., L .
aQ S
o o o » y=3.852x
o *e% P (R=0.715, R®= 0.511)
50000 1 . :.':‘ L
L]
L]
o % . . : : :
0 10000 20000 30000 40000 50000 60000
TOC (mg/kg)

(b) CODc; vs. TOC

Fig. 4. Relationship between CODs.q and TOC for sediments.

4 2 E

& Aol A= HE A=) CODwE CODMn Y

7} COD¢, 0.2 B3 AvE 2o, 1 7ke] b
et A8 3S Bkl vt A2 AES
At

L. g5 EJZ =] ti3 CODws AT S AIAIS

1A} CODmn 7+ CODc -2 glucose@}t A 3171 %4
B ), A S22 1S 247 #j5te] duE 4s
Hlwskar 27 9] 9 A /S eIkt Glucose
£ olgsto] ABlES AZsla HA3 HEHolE
oI5t Aal, CODwHS AN 27| 7}kl
30~75%, COD¢ H-E 20~80%7} HEE AR
ZAsH= Zlo] At detEeh A ERHES A
Ak Ak = B B glucose 2 53T AU
2 AR v 037} 744 27| UeRs Ao s UeRy
ok Sjg AT Sdvidel e B 501]/\1
9] 3l4=go] T30l AlE|HEA Q] 34T}
=g e whlnf A el A9 o] AIFA Qs ATE
AL 5 Qov), Egulde) Aol o g ARs

AR RA AR ES Fofoket 5102 B

2. CODwn T} COD¢ & 247} o] 85}o] B35}
At =0 AAS LERY Y o H(R = 0.918(31 E
AE), 0.958(ZAEAE), 287erole Ao
AAIE YERSIEHCODMa: R > 0.647, CODc;:
R > 0.715). 3|28 7AZA] CODw,H(78~134%)3}
CODc: H(78~107%) 2] 2la=&-2 7| 9] frARSHA Lt
Ui A0 R Hol £y mE ARl ol Anke ®
=% 4 3l& Ao % wabErh COD ¥ 4kl
CODy ol HJ3l] oF 3ui7Haf 7| Webde. 1efu
B A RS Z12F 3K 54 ek Ak HAl ol
CODM H(2.5~10%)©] CODc, H(10~20%)X.C} & o
A kel ot I 20% o]3}e] @X48-S Uehfo] £
Hh e CE| R EY 518FR AR @ 18R CODyy)
2ol Hgtatcta sk,

gael 2

BB S B AR
LE A AP el dnie} 201280 Aer
0 8etn] A0 ofa) 4= ik

e
e
-+
rr
> 4l

Hn2
Ewald, G., Berglund, O., Svensson, J. M., 1997, Effect
of oligochaete bioturbation on sediment accumulation
of 2,2’ 4,4 -tetrachlorobiphenyl, Ecotoxicol. Environ.



192 HAD - o4 URE - B - 23

Safety, 36, 66-71.

Fishman, M. J., Friedman, L. C., 1989, Techniques of
Water-Resources Investigation of the United States
Geological Survey, Chapter Al: Methods for Determi-
nation of Inorganic Substances in Water and Fluvial
Sediments, TWRI 5-A1, USGS, Reston, USA.

Heiri, O., Lotter, A. F., Lemcke, G., 2001, Loss on
ignition as a method for estimating organic and
carbonate content in sediments: reproducibility and
comparability of results, J. Paleolimnol., 25, 101-110.

Hosokawa, Y., Miyoshi, E., 1981, Analytical technic
and measurement of sediment COD, PARI Technical
note 0368, Marin hydrodynamics Division Environ-
ment Puriffication Laboratory, Japan.

Kim, D. H., 2007, Study on the sediment quality in
bottom water (I), J. Korean Soc. Mar. Environ. Saf,,
18, 98-102.

Kim, J. G., Cho, E. 1., 1999, The determining factors
and temporal and spatial characteristics of chemical
oxygen demand in Jinhae bay, J. Environ. Sci., 8,
189-195.

Lee, J., Kim, S., Song, J., Lee, T., 2009, Evaluation of
organic sediments qualities for the urban streams in
the Busan city, J. Korean Soc. Environ. Eng., 31,
975-982.

Lick, W., 2006, The sediment-water flux of HOCs due
to “diffusion” or is there a well-mixed layer? If there
is, does it matter?, Environ. Sci. Technol., 40, 5610-5617.

Lim, C. H., 2011, Estimation of BOD from the measure-
ments of TOC and ammonia, MS Thesis, Chungbuk
National University, Chungju, Korea.

Ministry of Oceans and Fisheries, 2010, Marine Environ-
ment Process Experiment Standard, Sejong, Korea.

Miskewitz, R. J., Francisco, K. L., Uchrin, C. G., 2010,

rlo

RUSEIPN

=

-] A - A1 - 5910

e

L

ot

Comparison of a novel profile method to standard
chamber methods for measurement of sediment
oxygen demand, J. Environ. Sci. Health A, 45, 795-802.

Niemirycz, E., Gozdek, J., Koszka-Maron, D., 2006,
Variability of organic carbon in water and sediments
of the Odra river and its tributaries, Polish J.
Environ. Stud., 15, 557-563.

Park, S. K., Shin C. K., Ryu, J. K., 1997, A study on the
comparison and analysis of COD results and experi-
mental methods, Korean J. Sanitation, 12, 19-29.

Park, S., Yi, Y. M., Yoon, H. S., Sung, K., 2012, Retention
properties of organic matters and nutrients in
wetland soils and coastal sediments, Korean Wetlands
Soc., 14(2), 265-275.

Plumb, R. H., 1981, Procedures for handling and chemical
analysis of sediment and water samples. In Environ-
mental Protection Agency/Corps of Engineers Technical
Committe on Criteria for Dredged and Fill Material,
U.S. Department of Commerce National Technical
Information Service(NTIS), Buffalo, New York, USA.

Schumacher, B. A., 2002, Methods for the determi-
nation of total organic carbon(TOC) in soils and
sediments. Ecological Risk Assessment Support
Center. Office of Research and Development US.
Environmental Protection Agency, Washington D.C.,
USA.

US EPA, 2001, Methods for Collection, Storage and
Manipulation of Sediments for Chemical and
Toxicological Analyses: Technical Manual, US
EPA 823/B-01-002, http://water.epa.gov/polwaste/
sediments/cs/upload/collectionmanual.pdf

Yoon, B., Kim, E., Kim, H., Lee, J., Jung, S., Lee, S., 2006,
Comparison of the methods to analyze freshwater
sediments, J. Korean Soc. Environ. Eng,, 28, 1207-1212.




<<
  /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 <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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


