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Abstract—Denitrification strongly depends on the availability of carbon source in constructed wetlands (CWs). In
this study, several relevant carbon source extracting solutions made from hydrolyzate of selected wetland litters were
added to CWs for nitrogen removal enhancement. The feasibility of supplying a carbon extracting solution to improve
potential denitrification rate in horizontal subsurface flow constructed wetland was deeply investigated. Combinations
of different hydraulic retention time (HRT, especially for 2-day and 4-day) with different influent COD/N ratios were
designed to prove the enhancement on denitrification by carbon source supplement. In addition, specific denitrifica-
tion rate (SDNR) was calculated for the comparison of the nitrogen removal at different COD/N ratios. The sequential
operation results on total nitrogen (TN) and nitrate (NO3-N) removal efficiencies were obtained in CW system with
an influent COD/N ratio of 4.0. The accumulation of nitrite (NO;-N) was found to be closely related to the removal
of NO;-N. Meanwhile, no obvious accumulation of NO;-N was found when the removal of NO;-N was relatively high.
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INTRODUCTION

Nitrogen is one of the main causes of eutrophication in water bodies,
especially for lakes and rivers. The removal of nitrogen in waste-
water before discharging into adjacent aquatic systems is a priority
in constructed wetland treatment [1]. Horizontal subsurface-flow
constructed wetlands (HSSFCWs) for wastewater purification are
characterized by the advantages of moderate economic costs, lower
energy consumption and maintenance requirements than other sys-
tems [2,3]. According to documents, the usage of HSSFCWs is dem-
onstrated especially to be suitable for the removal of suspended solids,
organic matter and nitrogen [4,5]. The primary nitrogen removal
processes in HSSFCWs are nitrification and denitrification. Asso-
ciated processes such as volatilization, adsorption and plant uptake
play a secondary role for nitrogen removal in HSSFCWs [6,7]. It
is known that nitrification is indirectly attributed to nitrogen removal
in effluent; however, providing essential nitrate for denitrification
transforming nitrate into N, or N,O in wetlands.

Denitrification can be affected by many factors, including tem-
perature, nitrate concentration and especially the organic carbon
source [8-10]. Carbon source in CW systems usually comes from
wastewater. However, the majority of the organic matters are elimi-
nated in the first stage via microbial oxidation from the influent,
causing difficulties in achieving efficient denitrification rate. As a
result, nitrate removal rate is lowered in most of HSSFCWs by limited
supplement of carbon source. As the carbon source is a key restrict-
ing factor for denitrification, organic materials like glucose, fruc-
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tose, wheat straw, cellulose and plant litters can be used to enhance
the denitrification efficiency in organic carbon-limited CWs [11-
13]. Among the various carbon sources, plant materials have been
used as an alterative carbon source due to the low cost, non-toxicity,
and wide availability. It was reported that the plant litter can be ac-
cumulated with productivity of 500-2,000 g cm™* y* in a matured
wetland [14]. Therefore, it is reasonable to prepare carbon source
from plant litter as an efficient and economic approach. In this study,
we comprehensively analyzed the processes and addition pattern
to improve the degradability of plant materials. The influence of
the carbon extracting solutions from the degradation of plant mate-
rials on the nitrogen removal was demonstrated.

Although previous studies have focused on the effect of carbon
source on the denitrification in CWs, there still appears limited knowl-
edge on the nitrate removal efficiency by supplying carbon extract-
ing solution to denitrification. The influent COD/N ratio probably
affects aerobic and anaerobic conditions in CWs. Consequently, it
would be one of the crucial parameters for the nitrogen removal.
The main objectives of this paper were focused on the following.
(1) to test the COD content of several wetland litters under different
hydrolysis conditions, and to determine the optimal hydrolysis con-
dition, (ii) to evaluate the effect of COD/N ratio on nitrate removal
efficiency, revealing the impacts of nitrite accumulation on the nitrate
removal rate in HSSFCW.

MATERIALS AND METHODS
1. Experimental Setup

A lab-scale horizontal subsurface flow CW (HSSFCW) unit planted
with cannas was employed in the nitrogen removal experiment. After
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Table 1. Components of nutrient solution used to cultivate micro-
organisms

Trace element Buffer solution

Content mg/L Content g/L
MgCl,-6H,0 70.00 KH,PO, 10.7
CaCl,-2H,0 21.50 K,HPO, 10.7
CoCl,-6H,0 3.00 Na,HPO,-7H,0 7.8
MnCl,-6H,0 1.25 NH,Cl 1.5
CuCl,-2H,0 0.15 EDTA 0.05
ZnCl, 0.12

KCl 56.7

H,BO, 0.27

Fig. 1. Schematic drawing of the experimental HSSF CW.

plant acclimation, the microcosm was incubated with artificial sew-
age including nutrient solution (Table 1) for a month. The dimen-
sion of the microcosm was 2 m in length, 0.5 m in width and 0.7
m in depth. The microcosm was divided into three zones: the influent
zone (0.2 mx0.5 mx0.7 m), treatment zone (1.6 m*0.5 mx0.7 m),
and effluent (0.2 mx0.5 mx0.7 m) zone (Fig. 1), each with two dif-
ferent gravel types. The influent and effluent zones were both filled
with gravel (@40 mm) to facilitate the distribution and collection
of the wastewater. The middle treatment zone consisted of a 60 cm
layer of medium gravel (@10-20 mm). A lateral perforated pipe
was attached at the inlet for the distribution of inflow, and the other
lateral perforated pipe served as a collection drain was installed at
the bottom of distal end of the wetlands.
2. Influent for Experiment

Influent wastewater was prepared artificially in the lab. To begin
with, the influent was kept in a container. Then the solution was
pumped continuously at a stable inflow rate. Inflow velocity of the
wetland was maintained constantly through a controllable water
pump. The composition of the influents for each experimental opera-

Table 2. Composition of influents (Mean+SD, n>3)

tion is listed in Table 2.
3. Preparation of a Carbon Extracting Solution

Cattail (Bpha latifolia) litter, canna (Canna indica) litter and rice
straw were collected for the preparation of carbon extracting solu-
tion. All of raw materials were initially cleaned by deionized water
and cut into sections in the length of 1-2 cm. Then the mass was
air-dried to a constant weigh before finally preserved in a mois-
ture-proof container at room temperature (25 °C). The mixture of
each plant material (1 g) hydrolyzate (800 ml, deionized water, 2%
H,SO, or 5% H,SO,) was kept in a 1,000 ml beaker. The beaker
was heated by electromagnetic oven, and the reaction time ranged
from 0 to 60 min.

4. Sampling and Analysis

The initial and final compositions of the rice straw were meas-
ured to determine the organic matter loss percentage during the exper-
imental period. The cellulose, hemicellulose and lignin contents were
determined based on Van Soest’s method [15].

Water variables were measured six times per week sampled from
the influent and effluent zone. Total nitrogen (TN), nitrite nitrogen
(NO5-N) and nitrate nitrogen (NO;-N) concentration were ana-
lyzed by gas-phase absorption spectrometer (GMA3202). Chemi-
cal oxygen demand (COD) was measured by using COD testing
instrument (HH-6). The temperature in the laboratory was kept con-
stant at 25.043.5 °C.

5. Data Analysis

Removal efficiency calculations were based on the following mass

balance:

Concentration-based removal efficiency (%)

_ Influent concentration — Wetland effluent concentration

- x 100%
Influent concentration

The specific denitrification rate (SDNR) was calculated as follows:
SDNR (mg/L/h)=(ANO; -N+0.6ANO;-N)/At

where NO;-N and NO;-N are the added required electron donors
in the denitrification process, ANO;-N is the NO;-N concentration
difference between the influent and effluent, and ANO;-N is the
NO;-N concentration difference between the influent and effluent,
and At is hydraulic retention time.

Statistical procedures and data analysis were evaluated using the
built-in statistical functions of Origin 8.0 graphics and analysis soft-
ware (OriginLab Corp., MA, USA). To investigate the difference
between mean removal efficiencies, the t-Student confidence inter-
val, for 98% probability, was calculated. Statistical significance was
defined as p<0.01. Mean overall removals were computed in CW
for all operational periods.

CODI/N ratio
Parameter
0:1 1:1 2:1 3:1 4:1

COD (mg/L) 437+3.58 52.26+7.58 101.2+8.52 135.7+£7.53 193.5+£9.12
NO;-N (mg/L) 48.57+1.58 46.23+1.22 48.02+2.51 45.95+2.84 47.52+1.46
TN (mg/L) 48.90+2.27 47.90+1.43 48.80+2.52 47.26+2.46 48.66+1.37
pH 6.95+0.20 6.90+0.15 7.12+0.11 6.98+0.17 7.08+0.15
DO (mg/L) 4.31+0.40 4.12+0.34 4.28+0.30 3.98+0.45 3.89+0.30
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Fig. 2. Release of carbon source under different hydrolysis conditions, deionized water (a), 2%H,SO, (b), 5%H,SO, (¢).

RESULTS AND DISCUSSION

1. Selection of Optimal Carbon Source

Cellulose, hemicellulose and lignin are the main compositions
of wetland litters serving as carbon source for denitrifying bacteria.
Common wetland litters differ only slightly in carbon content. How-
ever, different percentage of lignin, hemicellulose and cellulose con-
tent strongly influences the degradation rates of wetland litter. This
indicated that denitrification process activity in the wetlands was
affected by the carbon source quality (e.g., COD/N ratio, lignin,
carbohydrate) extracted from the different plant litters [14]. As shown
in Fig. 2, COD content had good agreement with hydrolyzing time
and dilute acid concentration. The main reason was that dilute acid
pretreatment contributed to breaking the lignin seal and disrupting
the crystalline structure of cellulose of the wetland litters, thus im-
proving biodegradability of cellulosic biomass [14,16]. According
to COD content, the optimal reaction condition was obtained as: rice
straw material hydrolyzed in 5% H,SO, aqueous solution would

Table 3. Changes of main compositions under different hydrol-

ysis conditions (%)"
Rice straw Cellulose Hemicellulose  Lignin
Raw material 34.08+£3.12 26.19£2.98 15.80+2.18
Water extracted 37.20+3.26 29.38+3.05 13.12+1.89
2% H,SO, extracted 38.87+3.35 31.92+3.33 11.02+1.67
5% H,SO, extracted 41.81+£3.89 33.95+43.78  9.53+£1.53

“Values are the means+SD (n>3)

yield highest COD content over 60 minutes hydrolysis. Changes of
main compositions of rice straw extracting solution are shown in
Table 3. As shown in Fig. 2 and Table 3, the COD contents were
higher due to solubilization of the organic material in acid solution;
cellulose and hemicellulose contents increased, while lignin content
decreased with acidic condition. For 5% H,SO, extraction, the con-
tent of cellulose and hemicellulose could be increased by 23.0% and
29.6%, respectively, compared to a reduction of lignin by 39.6% in
raw materials. The increased content of carbohydrate (cellulose and
hemicellulose) would improve the bioavailability and contribute to
the increase of denitrification capability in CWs [17]. Therefore,
5% H,SO, aqueous solution was optimal to extract rice straw for
denitrification.
2. Nitrogen Removal

Comparison of specific denitrification rate (SDNR) and bCOD
(biodegradable COD) removal efficiency under different COD/N
ratios is given in Table 4. Obviously, the SDNR was closely related
to the influent COD/N ratio. SDNR increased with COD/N ratio.
The SDNR at a COD/N of 2.0 was two-times greater than that at a
CODN ratio of 1.0 and 0.0. As shown in Table 4, higher removal
efficiencies of NO;-N and TN could be obtained when the influent
CODIN ratio was greater than 2.0. In addition, the bCOD was de-
tected in the effluent when the influent COD/N ratio was greater
than 2.0, which indicated that the carbon source for denitrification
was sufficient. Appropriate control of COD/N ratio in the influent
was crucial to achieve the optimal nitrogen removal in the denitri-
fication process.

The NO;-N and TN concentrations in both effluent and influent
are presented in Figs. 3 and 4. As is indicated, he NO;-N and TN

Table 4. Comparison of TN, NO; -N, bCOD removal and SDNR in HSSFCW*

2-day HRT

4-day HRT

Item

C/N=0.0 C/N=10 C/N=20 CN=30 C/N=40 C/N=0.0 CN=1.0 C/N=2.0 C/N=3.0 C/N=4.0

NO;™-N removal efficiency (%)19.141.0 24.0£12 53.2+2.1
TN removal efficiency (%)
bCOD removal efficiency (%) 99.9+0.1
SDNR (mg/L/h)

99.9+0.1

64.3+24 70.0+23 25.0+14 36.0+1.7 822+2.0 884+0.8 97.1+1.7
19.0£0.8 21.3+1.0 38.0+1.8 432+19 46.0+2.0 23.0+12 30.0+1.8 732+19 77.6+0.6 944+24
743+29 73.6+£34 77.2+2.8 99.9+0.1
0.19+0.05 0.23£0.05 0.53+0.10 0.61+0.20 0.69+0.20 0.16+0.05 0.20+0.05 0.44+0.10 0.46+0.10 0.48+0.10

99.9+0.1 97.8+22 91.8+34 89.6+3.5

“Values are the means+SD (n>3)

Korean J. Chem. Eng.(Vol. 30, No. 2)
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Fig. 5. Variations of NO;-N and NO,-N concentrations at different COD/N ratios.

consequently the efficiency of nitrogen removal increased.
3. The Relation between Nitrite Accumulation and Nitrate Re-
moval

According to the mechanism of denitrification, denitrification
processes involved the initial NO;-N reduction to NO;-N, fol-
lowed by further reduction to NO, N,O and finally to N, [18]. Each
half-reaction precess was described as follows:

NO;+2e¢ +2H=NO; +H,0 1
NO;+e +2H'=NO+H,0 @
2NO+2e +2H"=N,0+H,0 3)
N,0+2¢ +2H=N,+H,0 Q)

As shown in Fig, 5, with influent COD/N ratios of 0.0 and 1.0,
NO;-N was accumulated significantly for the lack of carbon source.
Accumulated NO;-N concentration gradually increased from 0 mg/
L in the influent to the maximum, respectively, at 0.86 mg/L. and
1.73 mg/L in the effluent. Low influent COD/N ratio was unfavor-
able to the progress of heterotrophic denitrification in CWs and caused
the accumulation of NO;-N. A peak of NO;-N concentration was
detected in 1-day HRT in the system with the influent COD/N ratios
of 2.0, 3.0 and 4.0. The NO;-N concentration gradually decreased
to 5.3 mg/L, 4.77 mg/L and 0.11 mg/L in the following day. Mean-
while, a sharp decrease of NO;-N concentration was detected. At a
CODN ratio of 4.0, the NO;-N concentration was gradually de-
creased to 2.87 mg/L, and the NO;-N removal efficiency was sig-
nificantly higher than other cases (p<0.01).

It comes to a general agreement that sufficient carbon source and
electronic donors can effectively promote the occurrence of half-
reaction resulting in the reduction of NO;-N accumulation. Mean-
while, NO;-N removal efficiency remained comparatively high.
Limited carbon supply could not provide enough electron donors
to support the entire half-reaction processes, which resulted in the
accumulation of NO;-N. Consequently, NO;-N removal efficiency
was reasonably lowered.

CONCLUSIONS

Insufficient organic carbon source supplement results in low NO;-
N removal rate in the horizontal subsurface flow constructed wet-
lands for wastewater treatment. In this study, rice straw extracting
solution was applied to the CW system. The NO;-N removal rate
for wastewater was highly dependent on the influent COD/N ratio,
which was one of the most significant factors in the denitrification
process. When the influent COD/N ratio exceeded 2.0, the carbon
source for denitrification was sufficient and better removal efficien-
cies of NO;-N and TN could be obtained. The result implied that
the additional carbon extracting solution was an effective way for
the removal of nitrate from CW. However, NO;-N accumulated
slightly when the additional carbon extracting solution was supplied.

ACKNOWLEDGEMENT

This work was supported by the National Natural Science Foun-
dation of China (No. 51079028), the National Basic Research Pro-
gram (973) of China (No. 2010CB951102) and the Natural Science
Foundation of Shanghai (No. 10ZR1400300).

REFERENCES

1.F. X. Ye and Y. Li, Ecol. Eng., 35, 1043 (2009).

2.J. Vymazal, Ecol. Eng., 18, 633 (2002).

3. A. 1. Stefanakis and V. A. Tsihrintzis, Desalination, 248, 961 (2009).
4.]. Vymazal, Ecol. Eng., 35, 1 (2009).

5.R. H. Kadlec, Ecol. Eng., 33, 126 (2008).

6.J. Vymazal, Ecol. Eng., 25,478 (2005).

7. T. G. Bulc, Ecol. Eng., 26,365 (2006).

8. Y.F. Lin, S.R. Jing, T-W. Wang and D.-Y. Lee, Environ. Pollut.,

119, 413 (2002).

9. T. Sirivedhin and K. A. Gray, Ecol. Eng., 26, 167 (2006).
10. C. C. Tanner and R. H. Kadlec, Water Sci. Technol., 48, 191 (2003).
11. T. L. Ingersoll and L. A. Baker, Water Res., 32,677 (1998).
12. Y. Wen, Y. Chen, N. Zheng, D. H. Yang and Q. Zhou, Bioresour:

Korean J. Chem. Eng.(Vol. 30, No. 2)



384 Y. Ding et al.

Technol., 101, 7286 (2010). 16. N. Mosier, C. Wyman, B. Dale, R. Elander, Y. Y. Lee, M. Holtzap-

13. S.'Y. Gebremariam and M. W. Beutel, Ecol. Eng., 34, 1 (2008). ple and M. Ladisch, Bioresour. Technol., 96, 673 (2005).

14.N. P. Hume, M. S. Fleming and A. J. Horne, Water Res., 36,577 17. N. P. Hume, M. S. Fleming and A. J. Horne, Soil Sci. Soc. Am. J.,
(2002). 66, 1706 (2002).

15. P.J. Vansoest, J. B. Robertson and B. A. Lewis, J. Dairy Sci., 74, 18. M. D. Wallenstein, D. D. Myrold, M. Firestone and M Voytek, Ecol.
3583 (1991). Appl., 16,2143 (2006).

February, 2013




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /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 <>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


