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ABSTRACT

Various types of inorganic and organic colloids are present in natural water including groundwater. Previous studies
showed that Fe, Mn and Al are colloid-forming elements and dissolved concentrations can be erroneous for these elements
if water samples are not properly filtered. Dissolved concentrations of elements including Ca, Na, Mg, K, Fe, Mn, Si and
Al in groundwater from alluvial and bedrock aquifers, and surface water near Nakdong River were determined to evaluate
effects of colloids on dissolved concentrations in natural water samples using various pore sizes of filters. Groundwater is
mostly anoxic and have elevated concentrations of Fe and Mn, which provides a unique opportunity to observe the effects
of colloids on dissolved concentrations of colloid-forming elements. Membrane filters with four kinds of pore sizes of
1000 nm, 450 nm, 100nm, and 15nm were used for filtration of water samples. Concentrations of dissolved
concentrations in each filtrate did not show significant differences from 1000 nm to 100 nm. However, concentrations of
all elements considered were decreased in the filtrates obtained using 15 nm pore size filters by 10 to 15% compared to
those using 450 nm except for bedrock groundwater. Al in surface water showed a distinct linear decrease with the
decrease of filter pore sizes. These results showed that 100 nm pore size had little effect to remove colloidal particles in
alluvial groundwater and surface water in our study. In contrast, significant concentration decreases in 15 nm pore size
filtrates indicate that the presence of 15 to 100 nm colloidal particles may affect determination of dissolved concentrations

of elements in natural water.

Key words : Alluvial groundwater, Suspended particles, Dissolved constituents, Colloids, filtration

LM B o gol=r} EAgt FRol=9) ANkHel ke I
1000 nm®]™ 1000 nm=t} I F-{FPAZ EFITh
Uukzo g x4 AlgE 8 AJE(dissolved cons- (Degueldre et al., 1996a; Jung et al., 2011; Lead and

tituents or solutes)2]oll FZO|=(colloids) & F-H YA} Wilkinson, 2006). AP 2] H-3] AARA] o
(suspended particles)® TEEE YAPS &2 (particulate EARS & AE A AAE 5o HAlA Bl

matteryS E3FSlaL ot BE Adgells 7] B A 01 < Tt A T FE 4o 5 e
7] 738 E2o1=rt S/ Aslerolle vkt 271 AR oA ol2dk =de] ol Frefsiof it

*Corresponding author : chankoh@kigam.re kr
Received : 2015.3.24 Reviewed : 2015.4.23  Accepted : 2015. 7. 21
Discussion until : 2015. 10. 31

31



32 ZARo}l . =2 . 5

(Wagemann et al., 1975).
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Fig. 1. Location map of study area with sampling points of groundwater and surface water.
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Table 1. Field parameters of groundwater and surface water
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Samples” T (°C) pH DO (mg/L) EC (uS/cm)
N 3.9 8.40 10.68 215
Surface water R 109 6.96 10.86 335
1 16.1 7.23 6.85 1042
Bedrock 130 17.8 7.74 1.84 350
3-10 17.1 632 0.92 245
Groundwater
_ 325 173 6.02 025 6090
Alluvial 3-33 17.1 6.45 0.12 6250
CYD 3 172 5.85 049 430

1) 3-10, 3-25 and 3-33 were taken from the depths of 10, 25 and 33 m at a multi-level well of MLW3, respectively.
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Fig. 2. Dissolved concentrations of elements in groundwater
using 450 nm filter on a Schoeller diagram.
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Table 2. Major element concentrations in the different filter pore size fractions with ratios to 450nm in parenthesis

- Ca (mg/L) Na (mg/L) Mg (mg/L) K (mgL)
ples 1000 450 100 15 1000 450 100 15 1000 450 100 15 1000 450 100 15
nm nm nm nm nm nm nm nm nm nm nm nm nm nm nm nm
185 181 177 170 112 1.1 110 100 49 49 48 46 63 64 62 57
N (1.02) (1.00) (0.98) (0.94) (1.01) (1.00) (0.98) (0.90) (1.01) (1.00) (0.98) (0.95) (0.99) (1.00) (0.97) (0.89)
R 262 258 256 22 278 278 277 240 62 62 6l 54 78 79 812 68
(1.02) (1.00) (0.99) (0.86) (1.00) (1.00) (0.99) (0.86) (1.00) (1.00) (0.98) (0.88) (0.99) (1.00) (1.02) (0.85)
| 01 498 497 488 931 938 931 904 227 227 226 224 108 106 108 105
(1.01) (1.00) (1.00) (0.98) (0.99) (1.00) (0.99) (0.96) (1.00) (1.00) (0.99) (0.98) (1.02) (1.00) (1.01) (0.98)
3o 453 463 462 441 210 208 208 198 33 33 34 33 05 04 04 04
(0.98) (1.00) (1.00) (0.95) (1.01) (1.00) (1.00) (0.95) (1.01) (1.00) (1.02) (0.99) (1.02) (1.00) (1.00) (0.90)
Lo 52 B 234 2L1 198 199 203 180 60 59 61 56 06 06 06 05
(1.00) (1.00) (1.01) (0.91) (0.99) (1.00) (1.02) (0.90) (1.01) (1.00) (1.02) (0.95) (1.01) (1.00) (0.99) (0.84)
15 357 364 357 31636 68 621 81 124 124 123 13 158 155 158 139
0.98) (1.00) (0.98) (0.91) (1.00) (1.00) (0.97) (0.91) (1.00) (1.00) (0.99) (0.91) (1.02) (1.00) (1.02) (0.90)
133 92 39 384 360 627 647 616 567 868 891 849 797 190 197 186 173
0.99) (1.00) (0.97) (0.91) (0.97) (1.00) (0.95) (0.88) (0.97) (1.00) (0.95) (0.89) (0.97) (1.00) (0.95) (0.88)
oyp 3 32 329 336 290 305 302 306 252 103 102 103 89 17 17 17 15
(1.01) (1.00) (1.02) (0.88) (1.01) (1.00) (1.02) (0.84) (1.01) (1.00) (1.01) (0.86) (1.00) (1.00) (0.99) (0.90)
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Table 3. Concentrations of colloid-forming elements in the different filter pore size fractions with ratios to 450nm in parenthesis
Fe (mg/L) Mn (mg/L) Si (mg/L) Al (ug/l)
Samples 1000 450 100 15 1000 450 100 15 1000 450 100 15 1000 450 100 15
nm nm nm nm nm nm nm nm nm nm nm nm nm nm nm nm
N 0.08 001 <0.002 <0.002 006 006 006 0.06 23 22 2.1 20 305 174 38 <10
(820) (1.00) - - (1.03) (1.00) (1.00) (1.01) (1.07) (1.00) (0.99) (0.92) (1.75) (1.00) (0.22) -
R 0.08 001 001 <0.002 0.01 <0.0004<0.0004<0.0004 2.0 1.9 1.9 1.8 194 33 2.1 1.0
(7.00) (1.00) (0.94) - - - - - (1.06) (1.00) (1.00) (0.95) (5.95) (1.00) (0.65) (0.32)
) 009 002 001 001 24 23 2.3 1.9 10.0 9.8 10.0 9.3 35 - <1.0 -
(4.89) (1.00) (0.74) (0.32) (1.00) (1.00) (0.99) (0.82) (1.02) (1.00) (1.02) (0.94) - - - -
130 <0.002 <0.002 <0.002 <0.002 <0.0004 <0.0004 <0.0004 <0.0004 142 141 144 141 12 - <1.0 -
- - - - - - - - (1.01) (1.00) (1.02) (1.00) - - - -
310 0.8 0.8 0.8 0.8 0.4 0.4 0.4 0.4 89 8.9 8.9 83 6.2 14 1.5 <10
(1.01) (1.00) (1.00) (1.02) (1.00) (1.00) (1.00) (0.94) (1.00) (1.00) (1.00) (0.93) (430) (100 (1.06) -
325 114 115 11.5 10.5 10.1 102 102 9.3 182 179 180 164 3.8 <1.0 <10 -
0.99) (1.00) (1.00) (0.91) (0.99) (1.00) (1.00) (0.91) (1.01) (1.00) (1.01) (0.91) - - - -
333 644 658 620 588 73 75 72 6.7 169 171 164 152 <10 <10 <10 <10
(0.98) (1.00) (0.94) (0.89) (0.98) (1.00) (0.95) (0.89) (0.99) (1.00) (0.95) (0.89) - - - -
CYD 3 0.5 0.4 0.4 0.4 26 26 26 23 109 108 107 95 14 <10 - <1.0
(1.21) (1.00) (1.03) (1.02) (1.01) (1.00) (1.02) (0.89) (1.02) (1.00) (1.00) (0.88) - - - -
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Fig. 3. Concentrations of major elements in surface water filtrates with different filter pore sizes.
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Fig. 4. Concentrations of major elements in groundwater filtrates with different filter pore sizes; bedrock: a, b, c, d, alluvial: e, f, g, h.
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Fig. 5. Concentrations of colloid-forming elements in surface water filtrates with different filter pore sizes.

A= 20 Wl WalE ReTkFie 6). AlY) 4
S BgHoR ARAR) N, R BT 747}
o (Fig. 5), Akl SEEA e A
B olalolA He) R FEE nol FRF WIS
sjes}7] olelsickFig. 6).

3.3. 15 nm-3= SfZEE 0|35t Xtet EF HMA

450 nm =4 48" =0 th3t 15mm F=2
TEHE AWEE ZZol= HEy Yae] A9 A%
oA 0.85~0.88, Al3lrellA] 0.84~0.999] WIS HA
AFEgolMe] Hago] o ZA Yedth A8l 745
E AA8] AEE SRR 1, 13000A4= 0.95~0.99
o] HIE Hol= W F3 dlgelA AFE VYA
AEEANXE 090 ol3kY] FEHIE Ho FAYTFE
PGS Aols HAFTt

F2olE P4 Ui Aeddle YR T2 ol
BRI Fest MnS AFEFoAE 57t ol w3t
137 ofEi ot AekrdMe W el A
5 Btk AgrolA Alg 12 450 nmell gk 15
nm FEH7} Fee 032, MnS 0.82% 2 7483 B
om UmA] AEEL 0.89~1.02 MY HlwE ke 7¢
288 BTt Si9] A9olE AESFE 0.92-0.95, A5}
oAM= 0.88~1.009] HAS BHPom, Pukx|skrolA

o mu e

0.94~1.00, A A8}504 0.88~0.932] HE FLAA
o} TRVIAZ SHAEIG AlgselM o & 2SS 1
At AR A ES5A 100 nme] A9} v AR A
$40 7 7Zhrshs 534S HAFITH

4. E 9

4.1. A2 581} 224 ojn} SN HI}

Ak AR e FEE HAEE] o3 =) us
o] Qe WislE WESH] ol ARS AlLSH i
o] oA eREREe} FAAETE AZ TRE o3t
548 HAFth diRels E=2olt HIgA Fo
AAne] 79 15 nm7HA] BigkEo] 5% olUlE EA A
1T o WHslE BT fet)h F2ol= 34 dAa
% Si 9] T8 die} 22 HFS HAFH, Fe, Mn
o] A9ol= bk AEE Allsha 10% o] 2R
AES BAQ v SRR F20lt HIRA 5
2 9Ae] A 100nm7HAlE 5% oMIZ F= s}
ot 15mmolME 10~15%2] W2 728 Sie
10% AT Ak 43S Holth o33t 54 it
AYEZ Y 100 nme}t 15nm B AED 249
FRolert FAAslHol| EAFS BoFT Fe, Mn
o] A% Sio} FARE IS HoF0] Fe, MnOZ

J. Soil Groundw. Environ. Vol. 20(4), p. 31~40, 2015



38 AR} - aE3F

0.10

0.08 -

0.06

Fe (mg/L)

0.04
P

—&— 130

0.02

0.00 T T T T
16.0

(c) Si
14.0

12.0 1

Si (mg/L)

10.0

8.0 T T T T
68

(e) Fe
64 1

60

564
27

8

Fe (mg/L)

19
18 -
17 -
16 1
151

Si

Si (mg/L)

WJ

10 A

1000 450 100 15
Filter pore size (nm)

Fig. 6. Concentrations of colloid-forming elements in groundwater filtrates with different filter pore sizes; bedrock: a, b, c, d, alluvial: e, f,
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g, h. Fe and Mn concentrations of the sample of 130 were below detection limits and not shown in the figure.

H F2olE 9A HEH A FEo|=9 ARk &
AE 7S BoE

Ak g oikAs %ﬁ4 Askr A= E2 Fe, Mn
FEE BTl Qlvh. ey o] AESelA diE= A
2 Fe, Mn 559 H3lE= =x] Yttt ojAL
AL AlRO] ol SIS EelM AMEE I 7] W
o] EF20l=rt 8 T ZAA vAle P 34

N

I

J. Soil Groundw. Environ. Vol. 20(4), p. 31~40, 2015

WHE

7] WEo = FH=EC)

ARs NEE ABFE A4 AsEske T

13}, ke Askee] Ao 15 nmollA] Fe
9} Mn9] 57} EXRoZ Hlwd TA 72ASET
ol s W == WA Fe(IDS} Mn(IDE X%
k= @718 Akt s Edske 5714 Alskre
Stz Qs A ! W AskEe] FR0l=E A




G el B AESe] Fagls S5

ol2 & RHAFL) F2olt nIFY T8 Yiho] AL
100 nm7HAIE 4 A1 HeUle] Wl s= wsp) §l
O 15 mmollME 15%71A] 2HAast Sie o)9k ks
S B3l old 5AL TAXES} vk A=
TARHEZ A% 100 nme} 15 nm B JEH Z
Ae] FRolurt EAFRS BolZETh Fedt Mnd] A=
1000 nmelA= B E57F Z78ERTE 450 nm ©]31ollA]
= AEI ol8tE UER} Feot Mn 242 FRol=
AP vlnA 8 HojEth v Al Aee o9 ¥
= 37] 7ol uE} A¥Hom Fovt sl Tl
A7)e] F=2ol=e] &5 & HoFal Qi)

AlY] £F F5E UE diut Z2ol=d i3l vz
Tt & Rog g9 Xxge Al gl Xsl
O 2o, gsA® T4 MLW3oA Axd F%
AT, Aerl ZojdREE Al gk B S
AL g = YA ol AHTE= YA Bho &
A=z s Al o] =4 S5 Aslk= dig=
214291 A=z QI3 Al o] A R o= AZbH.

Ly

N H
o o

32

S0l FRol=]
o8k uk= Ao g vehd X% 254 15 nm
o] Fxo} Bl w, 450 nm ¥ 100 nm 352

7 Ao} FRolug A e Ao dEidl T8
i BFoA et wEbA, Adge] 88 v &
A o]ejol] F=2ol=e tigh JEF Bjoks HZHo= gt
15nm oJsle] F= AV1E AYsh= Ho] Bad Aoz
ABZYET), AAZ Waber et al.(1990)= 782} go] 2+
2 A9 HA Snm 39 AHE SOk Fed] F2o)
=7t AAEYAL Baghat itk ey dA) dRke=
e 1Snm 35 77 ARS- 7Fssh L olste]
o= Zu|HS T (Ultrafiltration) 2] 4|7} Q35
mebx] @ = Ader H8E8r e I5 e
15~20 nm% & 4= It}

olgfgh 2o F=e] R E o] 83 BAlR o= #
2 FFol ok npEE Qe oA At tEle] dg
sl 28l Azte] AgHt) o]t ofgeS IS ¢
3l Shiller(2003y= 20nm =% EAIRE ojyslu)
WY &5 o83t FAP] o3 ZXE et =
3k AR A9 o3 AR % AT} HEEe] viE
o= dofon of= rPE FH9] el olste] &

S AR g wEE 35 2719 9F B4 39

= FEagd] 9RE Jozl Aoz Az ofist 2
e 7t ARt A, A8, duixle) A ge
ARl g Tt BRge RejET,

3
i—’?
>
~
ol

AAAe] 8 v Aol F 240 viAle FEs
Br7kel7] $18] 1000 nm, 450 nm, 100nm, 15nme] 4|
7 F= 2715 7He REEE o83l AEe A
sliroll thsl Gralgh o3} A3ellA] Ca, Mg, Na, K
FQ U9} FRoluE FA5K= Aoz el Fe, Mn,
Si, Al T8l T} 22 2ES =5 5 A

1) SERel e S=20l= HIFY Fa A4} sio] F
T 15nm FS7FA] HEEo] 5% o= EAAE 11
HE o] o= WIS BAFA] ATt Fe, Mno] 7
FoA= 10% o] 2k THAE-S HYou 371 =3t
FAAE 20% o] Afolg BT

2) TAARGE diEe] Y4olA 100 nm F57A=
rdE F% Wit ey 15 nmellAE 10~15%2)
HRZ FE7) 7Haste] F2oltof o) 8 w57t 9
S S T UASS ARSI XS = A
2 AR fAle AEE BRoH, Al A ¥
= 7o) ue} 5T AP AAreS B Ut
st A719) A XFhs FEol=9] EAIE AXAEAH.

3) A 8 w5 SAA 15 mme} Hwgs o,
450 nm F=} 100 nm ¥=-2 Fou|gt 2o|E 71AA|
Tk o= yEith webA, AR debERl 8
TE S 9o FRo|=9] JEF Hoks HXoZ |
15nm ©J3le] 3= A7|E E8sh= Ao] YT slo=
et

A A

fe

e SEAAALATLY] TIEARIR] B
& 7S o83 Aty IR - E8U)E T
(GP2015-014)” ZA|2] AFA LS wigkow o]of 7+
A=Y

ol
o T
e o

References

Batley, GE. and Gardner, D., 1977, Sampling and storage of nat-
ural waters for trace metal analysis, Water Research, 11(9), 745-
756.

J. Soil Groundw. Environ. Vol. 20(4), p. 31~40, 2015



40 Ao} - nEH - Fitd

Choi, H.C., Kim, K.S., and Chang, Y.Y., 1997, Modeling colloi-
dal contaminant transport in unsaturated porous media, Proceed-
ings of 1997 Spring Meeting of Korea society of soil and
groundwater environment, Sejong University, 112-115.

Danielsson, L.G,, 1982, On the use of filters for distinguishing
between dissolved and particulate fractions in natural waters,
Water Res., 16(2), 179-182.

Degueldre, C., Pfeiffer, H.-R., Alexander, W., Wernli, B., and
Bruetsch, R., 1996a, Colloid properties in granitic groundwater
systems. I: Sampling and characterisation, Appl. Geochem.,
11(5), 677-695.

Hamm, S.-Y., Cheong, J.-Y., Ryu, S.M., Kim, M.J., and Kim,
H.-S., 2002, Hydrogeological characteristics of bank storage

area in Daesan-myeon, Changwon City, Korea, J Geol. Soc.
Korea, 50(2), 231-240.

Hem, J.D. and Roberson, C.E., 1967, Form and stability of alu-
minum hydroxide complexes in dilute solution, US Geol. Surv.
Water Supply Pap. 1827-A, Washington, D.C.

Hyun, S.P,, Moon, H.S., Yoon, P., Kim, B., and Ha, K., 2013,
Iron extraction characteristics of sediment samples from a river

bank filtration site, J. Miner: Soc. Korea, 26(2), 129-138.

Jung, E.C., Cho, H.R., Park, M.R., and Baik, M.H., 2011, Detec-
tion of colloidal nanoparticles in KURT groundwater by a
mobile laser-induced breakdown detection system, J. Korean
Radioact. Waste Soc., 9(1), 41-48.

Kennedy, V.C., Zellweger, GW., and Jones, B.F., 1974, Filter
pore-size effects on the analysis of Al, Fe, Mn, and Ti in water,
Water Resour. Res., 10(4), 785-790.

J. Soil Groundw. Environ. Vol. 20(4), p. 31~40, 2015

Lead, J.R. and Wilkinson, K.J., 2006, Aquatic colloids and
nanoparticles: current knowledge and future trends, Environ.
Chem., 3(3), 159-171.

Lee, S.I., Kim, D.-H., Lee, S.-S, and You, S.-Y., 2006, Trans-
port of colloids and contaminant in riverbank filtration, J.
Korean. Water Resour. Assoc., 39(6), 511-520.

Shiller, A.M. and Boyle, E.A., 1987, Variability of dissolved
trace metals in the mississippi river, Geochim. Cosmochim.
Acta., 51(1), 3273-3277.

Shiller, A.M., 2003, Syringe filtration methods for examing dis-
solved and colloidal trace element distributions in remote field
locations, Environ. Sci, Technol., 37(17), 3953-3957.

Taylor, H.E., Garbarino, J.R., and Brinton, T.I., 1990, The occur-
rence and distribution of trace metals in the Mississippi River
and its tributaries, Sci. Total Environ., 97-98, 369-384.

Waber, U.E., Lienert, C., and Von Gunten, H.R., 1990, Colloid-
related infiltration of trace metals from a river to shallow
groundwater, J. Contam. Hydrol., 6(3), 251-265.

Wagemann, R. and Brunskill, Gj., 1975, The effect of filter
pore-size on analytical concentrations of some trace elements in
filtrates of natural water, Intern. J. Environ. Anal. Chem., 4(1),
75-84.

Yim, S.S., Kwon, Y.D., and Kim, H.I., 2001, Effects of pore
size, suspension concentration, and pre-sedimentation on the
measurement of filter medium resistance in cake filtration,
Korean J. Chem. Eng., 18(5), 741-749.




<<
  /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


