ABlrESE

Vol. 18(3), p. 109~118, 2013 http://dx.doi.org/10.7857/JSGE.2013.18.3.109

<FEFE>
HISZE 3H MEE flgt HEVIEe =3 W ol Sdo| &st A4
ZHE' - ofFE! - & SO - UBA? . MMHY - Holy'
s TR ek P Bt el o
Bl |edTd AT
ERIQL 2]

Characterization of the Transport of Zero-Valent Iron Nanoparticles
in an Aquifer for Application of Reactive Zone Technology

Cheolyong Kim' * Jun-Young Ahn' + Tuan Huynh Ngoc' + Hong-Seok Kim?,
Seong-Chun Jun® - Inseong Hwang'*
ISchool of Civil & Environmental Engineering, Pusan National University, Pusan, Korea

?Center for Water Resource Cycle, Korea Institute of Science and Technology
3GeoGreen21 Co., Ltd., Korea

ABSTRACT

Characteristics of the transport of zero-valent iron nanoparticles (nZVI]) in an aquifer were investigated to evaluate an
application of nZVI-based reactive zone technology. Main flow direction of groundwater was north. Preferential flow
paths of the groundwater identified by natural gradient tracer test were shown northeast and northwest. The highest
groundwater velocity was 4.86 x 10 m/s toward northwest. When the breakthrough curves obtained from the gravity
injection of nZVI were compared with the tracer curves, the transport of nZVI was retarded and retardation factors were
1.17 and 1.34 at monitoring wells located on the northeast and northwest, respectively. The ratios of the amount of nZVI
delivered to the amount of tracer delivered at the two wells mentioned above were 24 and 28 times greater than that of the
well on the main flow direction, respectively. Attachment efficiency based on a filtration theory was 4.08 x 107 along the
northwest direction that was the main migration route of nZVI. Our results, compared to attachment efficiencies obtained
in other studies, demonstrate that the mobility of nZVI was higher than that of results reported in previous studies,
regardless of large iron particle sizes of the current study. Based on distribution of nZVI estimated by the attachment
efficiency, it was found that nZVI present within 1.05 m from injection well could remove 99% of TCE within 6 months.
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Fig. 1. Configuration of injection and monitoring wells.
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Table 1. Description of dimensionless parameters for estimating
collector efficiency

Parameter Description
A Porosity-dependentparameter
N Attraction number
Ng Gravity number
Npe Peclet number
Nk Aspect ratio
Nyaw Van der Waals number

Table 2. Applied parameters for calculating attachment efficiency
and travel length

Parameter Unit Value
Hamaker constant J 1x107%
Porosity No 0.3
Diameter of spherical collector m 50x 107
Diameter of particle m 5.6x 107
Absolute temperature K 283
Approach (superficial) velocity of fluid  m/s 4.86x 107
Filter medium packed length m 2
Absolute viscosity of fluid Pa-s 1.00x107°
Density of fluid kg/m® 1,000
Density of particle kg/m® 7,870
Gravitational acceleration m/s? 9.81
Boltzmann constant JK 1.38x 1075

_ 173, ~0.081, —~0.715 , —0.052 1.675,,0.125
7o =244 N I TN 020,554 N NG+

U
—~0.24, 1.11,.0.053
0.22N, Nt N )

o714 E=Z3F R E-&(collector efficiency)S ©-8-5}]
o= A 3= YArer o4 wjAzke] REEE
(attachment efficiency)yS 2Fg3It}.

a= QLM(C/CO) 3)

3(-ALn,
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(interception), 7 (sedimentationyS- &5, 2] (3)0l|A]
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2 (2)9] zt T2 5E Table 1014 AEEiion,
AAFol2g o83l A& o5 ARE =&3k=
o] AES wi7HSE Table 20| YERNITH Tufenkji
and Elimelech, 2004). &JAje} J#}e] 973 F2ta8-9]
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Fig. 2. Observed Br™ concentration at (a) MW2, (b) MW4, (¢) MWS5, (d) KDMW3, and their fitted curve for 2D solution.
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Table 3. Results of natural gradient tracer test
MW2 MW4 MWS5 KDMWS3
Darcy velocity (m/s) 3.09x 107 9.52x 107 4.86x 107 255 %107
Longitudinal dispersivity (m) 0.669 0.649 0.491 0.411
Transversal dispersivity (m) 0.158 0.168 0.099 0.183
Peak concentration (mg/L) 2.12 14.8 1.29 2.99
a) MW2 MW4
@ 1 ()
g 10 1Ly
6 A
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E4 ] Es |
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Fig. 3. Observed total iron concentration at (a) MW2, (b) MW4, (c) MWS5, (d) KDMWS3.
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Table 4. Comparison of mobility of tracer and nZVI
MW2 MW4 MW35 KDMW3
Arrival time of center of tracermass (hr) 29 66 23 103
Arrival time of center of nZVImass (hr) 34 16 31 26
Retardation factor 1.17 0.24 1.34 0.25
Area of nZVI concentration curve / Area of tracer concentration curve 3.65 0.15 7.16 0.40
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Table 5. Comparison of input parameter and attachment efficiency between this study and others

Reference This study Yang et al. Kocur et al. Jiemvarangkul et al.
Porosity 0.3 0.38 0.35 04
Particle diameter (nm) 560 50-80 110 50-60
Diameter of sphericalcollector (mm) 0.5 0.3 0.46 0.6-0.85
Groundwater Velocity (m/s) 4.86x 107 771 x 107 2.89x10°° 1.00x 107
Attachment efficiency 4.08 x 1072 1.71 x 107! 6.70 x 1072 470E x 107

A 2¥ ZA3}(Jiemvarangkul et al., 2007)%] 4% 7537
oAz 47 el =o} o A nisle] Y53
FAFES Bt o] vHlul AFollA F5I He e
F7HS] 47Fo] thE wiZliRigrel] Blste] REE S| &
FEE FA gethe Heloh £ AFE AL i
ATelA ARG g7 He] 48 BT Alx A
= AE 5 GARE el ST grelw, 7] WWedrHd
o] Bl LAHAIRT AEE AT A2 SR Ee] 9
o] T7F F UL aEsteiof gtk AAE £ AT
2] AF83F Nanofer2589] 739 A= A% 474o] 50 nm
sl SAEA, oA AlEE o] SASIS
o Zible] FRel wet Aol 4-108) STk Alo]
SRIFATHLe, 2012). 5, 7] FAEDAA AREZ
=7 E=3 Aol FYENES A e 79 o]Fll
Yol 270l Blsld F7IeIS 7hs/dol =M, 18 <l
st TR wiziwgrel] vl viegrFE e o] Bt
ol MXle o] A7 &2 Fo= Btk o7A &
sh aiEstodol & viyfHT= AR B Y78l
drkH o R EGRIAT F582 o] i1 ¥58°
EEFE & F50] ] g 7FsAde] =AR A
7] AfME FFEET EYYAC] FEEE H F
HHoz #o] Hof Qlu}. o] A= EqRe] By
oA 1 NS FEt B sl=Hl, I8l =AN
T HiEE] e EYHTE d58¢] AAHeR
UG gRFHoR F F=o] Was Eqo] WegrkE
9] o]Fe H fElsiths Aol 7hFs3altt. o9k 22 &)
AL W7 HE Y FA1e] Frolg=ad Hlal HrtelA
AFsIE 7P Fetsih, WRedrde] ofsel o
A t552] preferential flow path®] &S =} &2l
g g Aok o] ARE B RegriEe] ARt
28 Al 718kt IR e R VIE 35S Wl AU Al
28 IS FATOEHN =7 oS dsle
= Aold  US Ao Bl

AelA TREE F3EE olelo] oJifolEs T3l
=28 7 e F83% A= olF A (travel length)o]

[e]

_—

—_

J. Soil & Groundwater Env. Vol. 18(3), p. 109~118, 2013

o grbdo =z ojFo|RoA dele ols A= YAt
o5 WellA olssle] 99%7} odate]o] AAEE A
= ujshy B AgllA IW-MW57te] o5 AE A=
3P 178 mZ UERAT) o7l W= FdHE Y=g}
He] 1% 1.78mE °l8E F Uvhks ovolm, £
ATl A8t FY FEY 1% 25 mgle LEER
QA AAT F JE F=oltt 1R wsE
o] JEs Hrisketl oA ATl 2allx] AA]
AsIA| riarl AT
By fleie I
Gupt EAfEEA 8
FTHS Tt o= A B2
Gol= Favt glok 1wel MwsAkel9] o}
T2 ] ffste] 4 (3)e o83l W
-L4m Afele] W7 sE FAEIA
Fig. 4°] AASIAT. Fig. 40lA FRIgt
A o7 o]2o2 343 vl a4
F7HE W ZA el FA3] oFtEo] 50%7t
0.28 m ool MF2A] =M w7} 7HAste)] wel At
A== go] FolET
7o) 5 B A8E njgog of3miAs
Hrksb) Seire Uegride] vheds 1 davt
At E AT AH9 el 8 EF TS FARI
A3 TCE #3143 Agelr Yedrhde] s=7) 7t
7t 255, 5, 10, 25, 50 /LY Wl TCEY FAHAMES &
=TT 0.013, 0.034, 0.044, 0.15, 034 hr'E
ZEJCHKim et al., 2011). 7] FuF3e] Ag4d9=
kst 7 W7t Frolxe] BelEknArsE B
3llom, o]AL ulEo & [WERE] 0-1.4m Ale]e] A
Aol diste] TCE A AFE3tal 1 3k Fig.
4ol YRS o714 TCES HuH--E2 7183k
W3NS 99%=E AXFIATE. Fig. 40l UERd vle} o]
TCES] £l 27=E ARES IWZFES] Az} Ho
AE dojr|H, Yegridoe] AlAse] F=7) 0ol 7F
71910 whE} Al Eall7F dofuA] = Ao] ERlFh

g o

fr o
o
offt
A
Ach

i

k]
g

of
ﬂ'r‘
pasy

o

¢

N ;3 ol o
)
T
:
riN
of
%
Lo
2
&
o

2 o T

of
® R
o &2
@ N
ﬂl{ﬁ N
®
Y
o
K
o2
N
NI
o

o2 9

_\|1_' >0

O
fr o
R

3

o

iz
b

A
r
o

to o

AN

g\l

it 4y o Mo oA
>,\I

oo E

£



2
olo
N
of

25 600
5 L 500 _
z
a3 (a) F 400 o
S5 1 (b) £
= L 300 =
< 3
b} L 200 S
g
0.5 1 - 100 £

0 T T T 0

0 02 04 06 08 1 12 14
Distance from IW (m)

Fig. 4. (a) Estimated nZVI concentration distribution between
IW and MWS5, (b) Estimated time for degrading 99% of TCE at
each point.

Nanofer25SZ I =W U3l & AS 5 AFolA

g7k 9 F olg ol vkl AKHASS

w3PH, 1L (180d)] TCEY 99%= A2 4= Si=

1.0SmE & 23e] Jggoz 2T 4= S Aotk

237] FEEL AT Tl st o] X
S

R
El

bk
o,
ot
P‘L
X,
rﬂ‘
i
off
Fl‘l..’
9
1
9,
I}
ol

=

B dlMe WWerkde] Ad diss W ol 54
B7¥sl7] slsted F2AF Ale) ek 9 A9
Y ATAGeIN FHL, F AAE vlusle] &
=40 ek WeGrHe] ofs 54 AelE skl
ST E3E ool B85 A83lo] Wagrbde] ol
S4e WrRkeER AA o dire] AsAly 3
28 Al LAdEE Ado] 7hedt FAES gt

FEA; Al Uehd Aslg i F fre e
2 38199 MW4oIlA 9.52 x 10°m/sZ LERtaL

2L N e do

W 8-S A FegrhEe) e ) o5 S B AT 1"

5 Wl Hlold MW2, MW5olA ©f wE o=
Uepsth 2 AR1e wAH AR 5 A=
preferential flow path?] FFA Ao T FZHEH, f550]
7Fd WE L MWSE 4.86 x 107° m/sITth

Weg7he 7Y Aol =53 sEoldaida 4
2] FEolHde vlusle] £ A3 MW2, MW5A]
We@7Hde] =g o] A5EH0on the #Aol 1]
sjo] 42} =G iR egrld TEEe] we Ao
2 Utk ol F fre e gyl ol
o] 7ksst =] WA kol MW4RE 854 Hol
F2 =23t ¥HH) preferential flow path7} S
MW2, MW5 3o g i} Ho] ol o]Fale] vE}
W #xos Hel

IW-MW5 73t ojzjol s 4 2
S 4.08x 10709, B} AAA¥e} vlwgt 23} 25k
T B 0] FRES] B2
2 Ueten, 53] EY Y474l ]
5 7Fse 3= i Ayl g9ERle o= FEEn

P,L
2
(o
=)
H
A
AL
rr
=
n
A
N
ol
>
&
O]
ol
3@
S
o

1.05 mAch.

e SIS fIste] ApATula =4 ole]ol| F7
29l FHE 3k gd ol FAS U 4= 9o,
oAfo|E} A tigelire] g7 e o)F 5447t
o] IAIE B} e 317] St il dF A
|43 H7HE g I FIE KI8E|ojof it

A A

B ATE SaAdaAde] Ik FARLALE (NRF-
2010-0012992)] A|L& o} 3= A0S

ik

f

5

Mo

Arnold, W.A. and Roberts, A.L., 2000, Pathways and kinetics of
chlorinated ethylene and chlorinated acetylene reaction with Fe
(0) particles, Environ. Sci. Technol., 34(9), 1794-1805.

Berge, N.D. and Ramsburg, C.A., 2009, Oil-in-water emulsions
for encapsulated delivery of reactive iron particles, Environ. Sci.
Technol., 43(13), 5060-5066.

J. Soil & Groundwater Env. Vol. 18(3), p. 109~118, 2013



118 2EE - =Y -

ool

Crane, R. and Scott, T., 2012, Nanoscale zero-valent iron:
Future prospects for an emerging water treatment technology, J.
Hazard. Mater:, 211-212, 112-115.

Elliott, D.W. and Zhang, W., 2001, Field assessment of nanos-
cale bimetallic particles for groundwater treatment, Environ. Sci.
Technol., 35(24), 4922-4926.

EPA, 2011, Toxicological Review of Trichloroethylene

Gelhar, L.W., Welty, C., and Rehfeldt, K.R., 1992, A critical
review of data on field-scale dispersion in aquifers, Water
Resour: Res., 28(7), 1955-1974.

Hara, S.0., Krug, T., Quinn, J., Clausen, C., and Geiger, C.,
2006, Field and laboratory evaluation of the treatment of
DNAPL source zones using emulsified zerovalent iron, Remedi-
ation Journal, 16(2), 35-56.

He, F., Zhang, M., Qian, T., and Zhao, D., 2009, Transport of
carboxymethyl cellulose stabilized iron nanoparticles in porous
media: Column experiments and modeling, J. Colloid Interface
Sci., 334(1), 96-102.

He, F., Zhao, D., Liu, J., and Roberts, C.B., 2007, Stabilization
of Fe-Pd nanoparticles with sodium carboxymethyl cellulose for
enhanced transport and dechlorination of trichloroethylene in
soil and groundwater, Ind. Eng. Chem. Res., 46(1), 29-34.

Hong, Y., Honda, R.J., Myung, N.V., and Walker, S.L., 2009,
Transport of iron-based nanoparticles: role of magnetic proper-
ties, Environ. Sci. Technol., 43(23), 8834-8839.

Jiemvarangkul, P, Zhang, W., and Lien, H., 2011, Enhanced
transport of polyelectrolyte stabilized nanoscale zero-valent iron
(nZVI) in porous media, Chem. Eng. J., 170(2), 482-491.

Johnson, R.L., Nurmi, J.T., O'Brien Johnson, GS., Fan, D.,
O'Brien Johnson, R.L., Shi, Z., Salter-Blanc, A.J., Tratnyek,
P.G, and Lowry, G.V,, 2013, Field-scale transport and transfor-
mation of carboxymethylcellulose-stabilized nano zero-valent
iron, Environ. Sci. Technol., 47(3), 1573-1580.

Kanel, S., Goswami, R., Clement, T., Barnett, M., and Zhao, D.,
2007, Two dimensional transport characteristics of surface stabi-
lized zero-valent iron nanoparticles in porous media, Environ.
Sci. Technol., 42(3), 896-900.

Kim, T., Kim, H., Lee, J., Cheon, J., Lee, K., and Hwang, 1.,
2011, Effects of Dissolved Compounds in Groundwater on TCE
Degradations Reaction by Nanoscale Zero-Valent Iron, Journal
of KSEE, 33(6), 413-419.

Klimkova, S., Cernik, M., Lacinova, L., Filip, J., Jancik, D., and
Zboril, R., 2011, Zero-valent iron nanoparticles in treatment of
acid mine water from in situ uranium leaching, Chemosphere,
82(8), 1178-1184.

Kocur, C.M., O'Carroll, D.M. and Sleep, B.E., 2012, Impact of
nZVI stability on mobility in porous media, J. Contam. Hydrol.,

J. Soil & Groundwater Env. Vol. 18(3), p. 109~118, 2013

k-

254 - HAAA - 3014

145, 17-25.

Korean Ministry of Environment, 2012, Operating report of
groundwater monitoring system in 2011.

Le, D.T., 2012, Mobility of organic-coated nanoscale zero-
valent iron particles in aquifer media, master dissertation, Pusan
National University, Busan, Korea

MacDonald, J.A. and Kavanaugh, M.C., 1994, Restoring con-
taminated groundwater: an achievable goal?, Environ. Sci. Tech-
nol., 28(8), 362A-368A.

O'Carroll, D., Sleep, B., Krol, M., Boparai, H., and Kocur, C.,
2012, Nanoscale zero valent iron and bimetallic particles for
contaminated site remediation, Adv. Water Resour., 51, 104-122.

Phenrat, T., Saleh, N., Sirk, K., Tilton, R.D., and Lowry, GV,,
2007, Aggregation and sedimentation of aqueous nanoscale
zerovalent iron dispersions, Environ. Sci. Technol., 41(1), 284-
290.

Priddle, M. and Jackson, R., 1991, Laboratory column measure-
ment of VOC retardation factors and comparison with field val-
ues, Groundwater, 29(2), 260-266.

Roberts, P.V., McCarty, P.L., Reinhard, M., and Schreiner, J.,
1980, Organic contaminant behavior during groundwater
recharge, Journal (Water Pollution Control Federation), 52(1),
161-172.

Sakulchaicharoen, N., O'Carroll, D.M., and Herrera, J.E., 2010,
Enhanced stability and dechlorination activity of pre-synthesis
stabilized nanoscale FePd particles, J. Contam. Hydrol., 118(3),
117-127.

Saleh, N., Kim, H., Phenrat, T., Matyjaszewski, K., Tilton, R.D.,
and Lowry, G.V., 2008, Ionic strength and composition affect the
mobility of surface-modified Fe0 nanoparticles in water-satu-
rated sand columns, Environ. Sci. Technol., 42(9), 3349-3355.

Sauty, J., Kinzelbach, W., and Voss, A., 1992, CATTI: computer
aided tracer test interpretation, BRGM, Orlans.

Schrick, B., Hydutsky, B.W., Blough, J.L., and Mallouk, T.E.,
2004, Delivery vehicles for zerovalent metal nanoparticles in
soil and groundwater, Chemistry of Materials, 16(11), 2187-2193.

Tufenkji, N. and Elimelech, M., 2004, Correlation equation for
predicting single-collector efficiency in physicochemical filtra-
tion in saturated porous media, Environ. Sci. Technol., 38(2),
529-536.

Wei, Y., Wu, S., Chou, C., Che, C., Tsai, S., and Lien, H., 2010,
Influence of nanoscale zero-valent iron on geochemical proper-

ties of groundwater and vinyl chloride degradation: A field case
study, Water Res., 44(1), 131-140.

Yang, GC., Tu, H., and Hung, C., 2007, Stability of nanoiron
slurries and their transport in the subsurface environment, Sepa-
ration and Purification Technology, 58(1), 166-172.




<<
  /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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


