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Abstract

Extensive effort through point source controls, such as the construction of wastewater treatment plants, has
been continuously made not only to improve the water quality but also to protect the water resources since 1990
in the Han River basin, Korea. However, it is difficult to maintain biochemical oxygen demand (BOD)
concentration below 1.0 mg/L and not able to meet the standard for drinking water sources. One of the main
reasons for not achieving the target of water quality management is pointed out as to take insufficient measures
toward diffuse pollution, particularly in the control of stormwater discharge. In March 2004, the Comprehensive
Measures for Non-point Source Pollution Management in the Four Major Rivers were established under the
leadership of the Prime Minister’s office and through the cooperation of related ministries. The effective control
of Non-point Source (NPS) holds the key to the success of fulfilling total maximum daily loading (TMDL)
program. As a part of carrying out policies on NPS pollution management, various types of NPS pollution pilot
facilities were installed in the Han River basin at the end of 2005 and are continuously being installed in the other
major rivers. The research program will be used to identify and design the Best Management Practices for the Han
River and other river basins in Korea.
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1. Introduction

The Korean government has made a nation
effort to protect the Han River and its tributaries
through the construction of point source controls
such as wastewater treatment plants. In spite of
these efforts water quality has continued to dete-
riorate and the biochemical oxygen demand
(BOD) of drinking water sources, such as Lake
Paldang, has reached 2.0 mg/L. The main reason
for not attaining water quality objectives is the
contribution of Non-point Source Pollution (NPS),
and stormwaters from urban areas. In response
the Korean government established the Compre-
hensive Measures for Non-point Source Pollution
Management in March 2004 to protect Korea’s
four major rivers.

Stormwater runoff from various areas such
as urban, agricultural, industrial regions is con-
sidered to be a major source of pollution [1-4],
and may be an important reason of worldwide
eutrophication and deterioration of receiving
waters. For this reason, many researchers [5,6]
have analyzed the impact of stormwater runoff
on water quality and investigated treatment
methods or Best Management Practices (BMP)
for runoff control [7,8].

This paper describes Korea’s national policy
for diffuse pollution management as well as a
number of pilot projects and preliminary results.
The final results of these projects will hopefully
become models for long-term policies and tech-
niques for NPS management.

Comprehensive measures for Non-point Source
Pollution Management: The Ministry of Envi-
ronment (MoE), Korea, established the Compre-
hensive Water Quality Management Measures
for the Four Major Rivers between 1998 and
2000. The four major rivers are the Han, Nak-
dong, Geum and Yeongsan/Sumjin Rivers
which serve the water needs of more than 40
million people. The major policies include the
implementation of total maximum daily loads
(TMDLs), riparian buffer zones, land acquisition,

and a water use charge to support the program’s
efforts.

The MoE is aggressively pursuing the imple-
mentation and compliance with TMDL for
watershed protection, and effective control of
NPS is believed to be the key method for suc-
cessfully meeting the TMDLs. Fig. 1 shows
annual average BOD changes of the four major
rivers over the period from 1998 to 2004, and
NPS pollution is estimated to contribute 22—-37%
of the total BOD pollutant load.

In the case of standards for total nitrogen
(TN) and total phosphorus (TP), NPS contribu-
tions are thought to be higher. The relative NPS
contributions are increasing due to the expan-
sion of wastewater treatment plants, which
reduces point source discharges, stricter dis-
charge regulations, and the increase of NPS pol-
lution from urban areas, roads and farmlands. It
is believed that 45% of the pollutant load in the
Paldang water supply results from NPS sources.
Without future control measures, it is expected
that NPS contribution will rise to 54% by the
year 2020. The MoE has recognized this prob-
lem and concluded that the needed water quality
improvements cannot be obtained without dra-
matic reductions in NPS pollution.
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Fig. 1. Annual changes in BOD concentrations (1998—
2004) in the four major rivers of Korea.
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In order to facilitate the implementation of
these measures and provide legal backing, the
new Comprehensive Non-point Source Pollu-
tion Management Measures for the Four Major
Rivers were established in March 2004 under
the leadership of the Prime Minister’s Office
and through the cooperation of related ministries.
The Comprehensive Measures will implement
several major improvements, such as changes in
management policies, pilot projects to develop
and demonstrate BMP construction and man-
agement techniques, research and outreach to
develop public support for the measures. Table 1
shows how the areas of concern are being
addressed in three phases.

The first phase (2004—2005) focused on pol-
icy system improvement and pilot projects while
the second phase (2006-2011) will focus on best
management projects for the four major rivers.
The third phase (2012-2020) will focus on
nationwide implementation of NPS pollution
management practices.

In the area of policy system improvements,
through revisions of the Water Quality Conser-
vation Act, the central government and local
authorities will be charged with NPS pollution
management. Additionally, laws and rules for NPS
pollution will be incorporated into legislation, and
guidelines for activities such as environmental

Table 1
Major goals of measures for each phase

impact assessments and city framework plans
will be required in the early stages of new urban
development projects. Land use laws to strengthen
environmentally sound land use practices will also
be developed.

With respect to related projects, MoE and
other organizations such as the Environmental
Management Corporation (EMC) and Korea
Water Resources Corporation (K-WATER) are
conducting pilot projects for NPS pollution
abatement programs in the four major rivers
over the period from 2004 to 2009. Each pilot
plant in the projects is being selected to match
watershed characteristics such as drainage area,
land use, slope and etc., and will compile important
data and technology, including treatment effi-
ciency and facility operation and maintenance
requirements, which will be used to establish
guidelines for the construction, operation and
maintenance of NPS pollution abatement facili-
ties. As a part of national policy on NPS man-
agement program, large expenditures will be
allocated for the Han River basin by 2008, while
the three other river basins are being investi-
gated in subsequent stages. As of now, approxi-
mately 12.1 million US§$ has been invested over
four years to collect data on runoff characteris-
tics of the catchment area as well as to evaluate
the efficiency of several BMPs. Approximately

Field 1st phase (’04-"05)

2nd phase (C06-"11)

3rd phase (’12-°20)

Policy system  Build policy foundation

plan & leads efforts)
Related Pilot projects (national)
projects
Research &

public support  causes and development
of treatment technologies

BMP projects for the site specific
conditions in four major rivers
(central & local governments)

Charge responsibility of managing Continue to strengthen management
improvements (government to establish ~ major pollution sources

responsibilities

Full implementation of projects with
local government in lead & central
government support

Focus on identification of ~Set technologies for monitoring &  Facility improvements taking into
standards on treatment facilities

consideration cost and efficiency
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equal investment is being made in Nakdong
River watershed for the construction of five
BMPs with the similar goals and purposes. It is
expected that approximately 100 million US$ will
be invested by the end of 2011 on NPS programs.
The government, in recognition of the impor-
tance of efforts by citizens and local govern-
ments in reducing NPS pollution, will develop and
distribute education materials to the public, as
well as hosting regular workshops and seminars
in cooperation with related ministries. The goal
of the policy and NPS program is to reduce NPS
pollutants by 34.3% from 381 to 250 tons/day in
the four major rivers in order to achieve BOD
concentrations to 0.20—0.65 mg/L.

2. Methods
2.1. Site description

The Han River has a total watershed area of
26,018 km? and has 481.7 km of total water-
course length. It provides raw water for drinking
water treatment plants that serve over 20 million
people in Seoul metropolitan. It flows into the
Yellow Sea through a number of cities where it
is expected to provide beneficial use. Combined
sewer overflows (CSOs) and untreated storm-
water runoff pollutants are intermittently dis-
charged to the river and have been identified as
the leading causes of water quality degradation.
The Kyung-An Stream has 768.4 km* of total
watershed area with 76.1 km of total water-
course length and passes through major cities,
including Kwang-Ju, Yong-In and [-Cheon. It is
a tributary of the Han River; a site study was
performed to determine the best locations for
several structural BMPs.

Fig. 2 shows the locations of pilot facilities
around the Kyung-An Stream, while Table 2
presents the details of the characteristics of sites
for pilot facilities; such as treatment type, land
use and watershed. The areas for different land
uses (e.g. agricultural, highway, forest, parking

lot, road and residential area) range from 0.32 to
180.7 ha.

2.2. Best Management Practices

Based on the preliminary tests of water qual-
ity and stormwater runoff pollutants, alternative
treatment processes have been recommended for
Han River. Table 2 shows the characteristics of
the 25 different structural BMPs. The BMPs were
selected to evaluate a range of practices, such as
constructed wetlands, detention basins, grassy
swales, percolation trenches, media filters and
hydrodynamic devices. Nineteen BMPs were
completed by the end of 2005 and the remaining
six will be finished by the end of 2006.

2.3. Monitoring

The monitoring program will utilize a series
of grab samples and continuous flow measure-
ments, which will be used to calculate event
mean concentrations. The monitoring program
calls for the collection of six samples during the
first hour after the beginning of runoff during
the first 1 h, collected at the beginning of runoff
and 5, 10, 15, 30 and 60 min after the beginning
of runoff. Short time of intervals was selected at
the beginning of the runoff to determine the
existence of a first flush. Additional samples are
to be colleted at 1 h intervals till the end of the
storm, up to a total of 12 samples.

A large suite of parameters will be monitored
including organics (BOD, COD and TOC),
nutrients and heavy metals, and will be selected
based on specific landuses. The BMP removal
efficiency for each storm event will be based
upon mass removed, but the concentration data
will be used to develop an Event Mean Con-
centration (EMC) database for various landuses
as well as understanding the minimum efflu-
ent concentrations that can be produced by a
given BMP.
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Fig. 2. Location of constructed pilot facilities.
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Table 2
Characteristics of sites for installed facilities

No. Location BMP type Land use Area (ha)
1 Yong-In Constructed wetland (1) Agricultural 10.4
2 Grassy swale (2) Agricultural/highway, forest 6.6
3 Percolation trench (2) Highway 0.8
4 Vegetated filter strips (2) Agricultural (dry field, forest) 9.6
5 Media filters (1) Highway 0.65
6 Media filters (2) Parking lot 4.57
7 Hydrodynamic devices (2) Highway, residential, parking lot 3.66
8 Media filters (1) Highway 0.77
9 Detention basin (1) Agricultural 90.8
10 Infiltration basin (1) Agricultural/highway 9.1
11 Kwang-Ju Media filters (1) Parking lot 0.5
12 Media filters (1) Highway 0.32
13 Hydrodynamic devices (2) Residential, highway 3.56
14 Media filters (1) Highway 0.52
15 Hydrodynamic devices (3) Residential, highway 180.7
16 I-Cheon Constructed wetland (1) Road, agricultural, residential 10

18 Percolation trench (1) Residential, forest 1.6

Number of facilities are given in parenthesis in the BMP type column.

3. Results and discussions

Fig. 3 shows the precipitation records over
the last 10 years (1992-2001) in Kwang-Ju and
Yong-In areas.

The average monthly rainfall and number of
rainy days per year are shown, and are similar for
Kwang-Ju and Yong-In: 108 mm and 8.6 days,
and 122 mm and 8.4 days, respectively. The aver-
age yearly rainfall for Korea including Kwang-Ju
and Yong-In cities is approximately 1400 mm/yr,
which is somewhat greater than the world’s
average precipitation (973 mm). More than 70%
of rainfall occurs in the rainy season from June to
August. The average yearly precipitation varies
from 700 to 1600 mm across the country. The
annual precipitation per capita is approximately
2705 tons/yr, and is just one tenth of the world’s
average. Of this precipitation, approximately
1550 tons per capita is available as domestic
water resources. Both the climate characteristics
mentioned previously and the limited available

land for BMP construction are main impedi-
ments for designing and construction of BMPs.
Prior to the BMPs selection, the rainfall-runoff
characteristics were determined for all sites. Fig. 4
shows a cumulative pollutant discharge for a typi-
cal storm. The Y-axis is the normalized pollutant
mass and the X-axis is the normalized runoff.

— 450 : : ‘ °
400! _o_KWan-g-Ju(‘rainfaII) | A 14
N e 0 W g
‘g 300 Yong-In (rainy day) gl \ 12 g’;
£ 200} / \ o
= £
g 150 ‘ 4 \A —,
¢ 100 V4 ; N g

g% == | e 0
o 2 4 6 8 10 12

Month

Fig. 3. Precipitation monitoring records for the demon-
stration facilities.
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Fig. 4. Cumulative mass runoff vs. cumulative volume
runoff (fraction of totals) for study areas: (a) highway
and (b) agricultural.

When the slope of the mass vs. volume curve
is greater than 1.0 as occurs in Fig. 4(a), the ini-
tial runoff is higher in concentration and sug-
gests a first flush. Hydrodynamic devices were
preferentially considered for these areas as candi-
date BMPs. In the case of lower slopes (less or no
first flush), as observed in Fig. 4(b), other types
of BMPs were considered better candidates.

Fig. 5 describes the relationship between
water quality and rainfall for two study areas,
where different types of stormwater runoff could
be observed. In the case of Fig. 5(a) showing a
highway area, the first flush of suspended solids
(SS) appeared even for small events within the
first 2 h. No such tendency was observed at the
agricultural catchments area as shown Fig. 5(b),
and no first flush effect for SS was observed.

These generation and discharge characteristics of
NPS pollutants as a function of landuse should be
considered when selecting BMPs.

The standard used to select sites varied depend-
ing on factors such as local hydrology, land use,
receiving water characters and specific require-
ments of the BMP type to be evaluated. In general,
the following criteria were used at all sites:

* Available space must be able to accommo-
date the BMP.

* Natural drainage should be used and no
pumping was considered.

» Ease of maintenance, including access.

These criteria created a preference for locat-
ing the BMPs in the riparian zones, state-owned
lands and riverbeds. Since more than 80% of the
storm events produced 20 mm or less rainfall,
20 mm was selected as a design storm and the
BMPs were sized to treat the associated runoff
for each landuse type. Runoff was estimated
using rainfall intensity and runoff coefficients.
Precipitation records for the last 10 years
showed that 90% of the rainfall events had
intensities of 15-20 mm/h or less. Runoff coef-
ficients of 0.7-0.9 were assumed for impervious
areas such as highways, parking lots and resi-
dential areas, and 0.1-0.3 was assumed for per-
vious areas, such as agricultural and forested
areas. The BMPs were also selected to remove
target pollutants as a function of the landuse
characteristics.

The early monitoring data suggests that the
media filters were achieving substantial water
quality improvements and discharging rela-
tively high quality effluent, in spite of mainte-
nance requirements such as the filter clogging.
The pollutant removals observed in the storage
type devices combined with vegetation such
as grassy swales, vegetated filter strips and con-
structed wetlands were less than reported
by others [9,10], which is mostly likely caused
by improper management and the longer time
required to establish stable vegetation.
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Monitoring protocols used in the US Nation-
wide Urban Runoff Program [11] combined
with other references [12—-14] were systemati-
cally employed, since procedures and policies
specific to Korea have not been developed.
This project is the first of its kind in Korea, and
it is expected that many or most of these proto-
cols will be replaced or changed to optimize
monitoring for Korea-specific situations.

4. Conclusions

The Ministry of the Environment in Korea has
established the Comprehensive Measures for
Non-point Source Pollution Management in the
Four Major Rivers in 2004 and approximately
12.1 USS$ million over the previous 4 years have
been invested to determine catchment areas,
collect runoff characteristics and evaluate the
treatment performance of 25 BMPs.

From the feasibility study, it is concluded
that site-selection criteria should consider local
hydrology, land use, receiving water characteris-
tics and specific requirements of the BMP types.
Although not all BMPs have been evaluated,
early results suggest that media filters are capable
of producing substantial water quality improve-
ments, while BMPs requiring vegetation present
challenges for management and requiring longer
start-up time, necessitating longer monitoring
program to obtain representative results. The
results of pilot facilities will be used to identify,
to design BMP types and to optimize NPS manage-
ment polices of Korea.

References

[1] J.K. Gilbert and J.C. Clausen, Stormwater runoff
quality and quantity from asphalt, paver, and
crushed stone driveways in Connecticut, Water
Res., 40 (2006) 826—832.

[2] L.H. Kim, M. Kayhanian, K.D. Zoh and
M.K. Stenstrom, Modeling of highway stormwater
runoff, Sci. Total Environ., 348 (2005) 1-18.

(3]

[4]

(5]

[6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

H.J. Lee, S.L. Lau, M. Kayhanian and M.K.
Stenstrom, Seasonal first flush phenomenon of
urban stormwater discharge, Water Res., 38 (2004)
4153-4163.

P. Dillon, P. Pavelic, G. Massmam, K. Barry
and R. Correll, Enhancement of the membrane
filtration index (MFI) method for determining the
clogging potential of turbid urban stormwater and
reclaimed water used for aquifer storage and
recovery, Desalination, 140 (2001) 153-165.
H.A.C. Jeng, A.J. Englande, R.M. Bakeer and
H.B. Bradford, Impact of urban stormwater runoff
on estuarine environmental quality, Est. Coast.
Shelf Sci., 63 (2005) 513-526.

G.D. Taylor, T.D. Fletcher, T.H.F. Wong, P.F. Breen
and H.P. Duncan, Nitrogen composition in urban
runoff-implications for stormwater management,
Water Res., 39 (2005) 1982-1989.

M. Dechesne, S. Barraud and J.P. Bardin, Spatial
distribution of pollution in an urban stormwater
infiltration basin, J. Contam. Hydrol., 72 (2004)
189-205.

J.F. Holland, J.F. Martin, T. Granata, V. Bouchard,
M. Quigley and L. Brown, Analysis and modeling
of suspended solids from high-frequency monitor-
ing in a stormwater treatment wetland, Ecol. Eng.,
24 (2005) 159-176.

G.A. Moshiri, Constructed Wetlands for Water
Quality Improvement, CRC Press, Inc., 1993.

B. Urbonas and P. Stahre, Stormwater Best
Management Practices and Detention for Water
Quality, Drainage, and CSO Management, PTR
Prentice-Hall Inc., 1993.

USEPA, Results of the Nationwide Urban Runoff
Program, Volume I, Final Report, 1983.

Y.H. Han, S.L. Lau, M. Kayhanian and M.K.
Stenstrom, Correlation analysis among highway
stormwater pollutants and characteristics, in:
Conference Proceedings of 8th International Con-
ference on Diffuse Pollution, Kyoto, Japan, 2004,
pp. 133-140.

A. Taebi and R.L. Droste, Pollution loads in urban
runoff and sanitary wastewater, Sci. Total Environ.,
327 (2004) 175-184.

ASCE and USEPA Urban Stormwater BMP
Performance Monitoring — A Guidance Manual
for Meeting the National Stormwater BMP Database
Requirements, EPA-821-B-02-001, 2002.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


