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Abstract

BACKGROUND: With increasing public awareness to
environment-friendly agriculture, many efforts have been
run to develop organic farming technologies in Korea as of
late 90s. The objective of this study was to investigate the
effects of different organic farming practices on soil
chemical properties and water quality in paddy fields.
METHODS AND RESULTS: Total nitrogen (TN) and
total phosphorus (TP) were monitored for a two-year
period (2006 to 2007) from the study organic paddy fields
located in Wanju, Jeonbuk Province in Korea. TN and
TP of organic paddy water were gradually increased for
2~3 weeks after organic manure application and then gra-
dually decreased afterward. The overall variation of TP
in the paddy fields was much greater than that of TN.
The phosphorus content in organic paddy field appeared
to increase with the organic farming period.
CONCLUSION(s): This indicates that longterm organic
farming is likely to cause phosphorus accumulation in
soils and increase vulnerability to rainfall runoff. Thus,
appropriate phosphorus management needs to be imple-
mented, particularly, to reduce excessive phosphorus supply
owing to nitrogen-based determination of organic manure
application amount.
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Introduction

As environmental friendly agriculture has gained
more public attentions in Korea, increasing investment
has been made to convert the conventional high input
(high rate application of fertilizer and pesticides) agri-
cultural practices for the agricultural productivity to
environmentally sustainable ones.

Between 2000 and 2005, the number of farmers who
adopted environment-friendly agricultural practices has
been increased about 25 times from 2,000 to 53,000
(MAF, 2006). Subsequently, organic farming area has
also enlarged about 24 times from 2,000 ha in 2000 to
50,000 ha in 2005. The fraction of environment-friend-
ly agricultural product sold in the market has grown
from 0.4 to 4.0% (about 19 times increase). There has
been increasing efforts of the Korean government to
encourage environment-friendly agriculture and scale
up the size from a village level to the broad complex
within a city or large water basins.

However, there is little information regarding the
effect of organic farming on the changes of soil and
water qualities. The objective of this study is to inves-
tigate the changes of the chemical properties of pad-
dy soil and stream sediments as affected by organic
farming practices through monitoring TN and TP con-
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centrations in paddy and stream water.

Materials and Methods

Farming practices

The study site was located at Wanju-gun, Jeollabuk
-do Province in Korea (Fig. 1). Organic rice farming
practices included riceduck farming (5.9 ha), rice-
pond snail farming (1.8 ha), and other organic farming
practices for weed control (1.4 ha) (Gil ef alZ, 2008).
The sites have been under organic farming practices
for 4-15 years. Depending on the length and type of
organic farming practices, four different organic farms
were selected including 15 years riceduck farming
(OF1), 3 years rice-duck farming followed by 2 years
rice-pond snail farming (OF2), and 4 years rice-duck
farming followed by 1 year rice-pond snail farming
(OF3), and 6 years riceduck farming (OF4) (Table 1).
The OF1 treatment was investigated only in 2006 be-
cause of the site incorporation into a rice processing
plant.

The OF1 site was fertilized once a year with live-
stock manure as basal fertilizer for 15 years. The live-
stock manure was applied at the rate of N-P.Os, 8.8
12.5 kg/10a. The OF2 and OF3 sites were fertilized
twice a year. Chinese milk vetch (Astragalus sinicus L.)
was sown at the sites and used as the green manure.
Livestock manure was applied as basal fertilized when
the sites with grown milk vetch was plowed. Then oil
-cake was applied at the panicle initiation stage. About
17 to 23 duck heads per 10 a dwelled in the rice-duck
farming sites of OF1 and OF3. According to Isobe ef
al. (2005), the duck excretion is equivalent to 0.15-0.35,
0.21-0.49 kg/10a in N and P,Os, respectively, which is
minimal contribution to the farm nutrient supply. In
other words, majority of nutrients was supplied as or-
ganic sources of the livestock manure, Chinese milk
vetch, and oil cake. Water resources used for irriga-

tion included a nearby small stream of the Mankyeong
river and groundwater in complex.

Sampling and analysis

The soil of the organic farms was classified as Seok-
cheon series, which is silty loam. The paddy soil sam-
ples were collected from the study sites after harvest
in 2006. Stream sediments were also collected from the
upstream inlet, middle inlet, middle outlet, and downs-
tream outlet in Jan, Apr, Jun, Aug, and Dec in 2007
(Fig. 1). These soil samples were wind dried and sieved
through a 2 mm mesh grid before soil chemical anal-
ysis following the protocol provided by the National
Institute of Agricultural Science and Technology (NIAST,
1988). Available P of soil and stream sediment sam-
ples was measured by Lancater method. Each form of
inorganic P in the soil and stream sediment samples

was determined by the ascorbic acid method as de-
scribed by Zhang and Kova (2004).
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Fig. 1. Location of the study organic farm and sampling
sites.

Table 1. Cultivation methods of the study organic farming area

Weed control method

Site
before 2006

Fertilizer e
2007 P

OF1 Riceduck farming for 14 years

OF2 Rice-duck farming for 3 years Rice-pond snail farming Rice-pond snail farming

OF3 Rice-duck farming for 3 years

OF4 Rice-duck farming for 6 years

Rice-duck farming

Rice-duck farming

Rice-duck farming

- Livestock manure

Livestock manure,
milk vetch, oil-cake

Livestock manure

Rice-pond snail farming milk vetch, oil-cake

Rice-duck farming Livestock manure
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Paddy water samples from the selected fields were
collected once a week during the rice growing seasons
and analyzed for the TN and TP concentrations from
2006 to 2007. The inflow and outflow water samples
of the study site were collected from the same loca-
tions where sediment soil samples were taken. Water
quality analyses followed the APHA (1992) methods.

Results and Discussion

Soil chemical properties

Table 2 summarized the soil properties of the study
sites. The organic matter (OM), and P concentrations
were higher in OF fields than national average values
(RDA, 2007). Fertilization amount for the organic farms
were determined based on the crop N requirement
and thus excessive amount of P might have accumu-
lated in the soils and resulted in higher P concentra-
tions in the organic farming fields (Jin and Yoo, 1999).
According to Chung and Hong (1977) and Jung et al
(2003), accumulation of P in paddy soils may be small-
er than in plastic film house, however, the reduced
environment of paddy field due to flooding may in-
crease P availability substantially. Thus P attached to
the suspended matter became susceptible to paddy
runoff with rainfall events increasing P loading to the
surface water bodies. Shin ef al (1988) reported that P
in paddy soils may begin dissolving into water when
soil P concentration is greater than 232 mg P,Os/kg.
In this study, the P concentrations for all the organic
farming soils appeared to exceed this concentration.

Figure 2 shows concentration changes for each phase
of phosphorus in paddy soils. The mean TP concen-

Table 2. Soil chemical properties of the study paddy fields

trations of OF1, OF2, and OF3 soils were 1110, 776,
and 811 mg/kg, respectively. OF1 of which organic
farming period was 15 years showed much greater P
content compared to those of the other two sites of
five years organic farming. This indicates that P may
accumulate in paddy soils with longer organic farm-
ing practices.

The inorganic P concentration of organic farm soil
was higher in the order of Fe-P (317~445 mg/kg), re-
sidual-P (256~402 mg/kg), Al'P (123~194 mg/kg), Ca-
P (51~61 mg/kg), and soluble and loosely bound P
(2.2~2.8 mg/kg). The greatest Fe'P content was con-
sistent with the previous study by Chang and Chu
(1961). This study has reported that AI'P content is
greater than Fe-P at the fertilization and then tends to
decrease while Fe-P content increases with time.

A reduced condition when paddy field is flooded
renders P combined with Fe readily soluble and thus
increases dissolved P content in paddy water (Nriagu,
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Fig. 2. Fractionation of inorganic phosphorus in organic
paddy farm soil (unit: mg P/kg).

2006 pH EC TN oM Avail. P

year (1:5) (dS/m) (g/kg) (g/kg) (mg P20Os/kg)

OF1 59 0.27 2.52 28.1 477

OF2 6.0 0.30 251 35.9 258

OF3 59 0.27 241 27.1 328

2007 pH EC TN oM Avail. P

Year (1:5) (dS/m) (8/ks) (8/ks) (mg P:0s/kg)

OF2 5.9 0.29 3.27 36.9 259

OF3 59 0.45 2.64 31.7 272

OF4 5.8 0.28 1.79 28.2 258
National Average* 5.8 - - 24.0 132

*RDA (2007)
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1972). Thus FeP increase in paddy soils due to long-
term livestock manure application may elevate P con-
tent in paddy water.

A substantial amount of accumulated P seemed to
exist as residual-P, which is the amount of TP sub-
tracted by inorganic P (Jun and Park, 1989). The re-
sidual-P for the organic farm soils varied from 256 to
402 mg/kg. The accumulated residual-P over long-
term application of the applied livestock compost and
organic fertilizer seemed to serve as P source to sup-
ply inorganic P for paddy water through a time-rated
mineralization process.

Stream sediment chemical properties

Sediment runoff from agricultural fields can affect
water quality as well as aquatic ecosystems through
attached nutrient dissolution by various processes of
decomposition, diffusion, re-suspension, and biological
disturbance (Lee and Lee, 2000).

The mean OM concentrations of stream sediment
were 159, 189, 9.5, and 33.9 g/kg for stream inlet,
middle inlet, middle outlet, and stream outlet, respec-
tively (Table 3). The mean TN were 1.0, 1.0, 0.6, and 2.0
g/kg, correspondently, showing lowest in the middle
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Fig. 3. Seasonal change of available phosphorus content
in sediment.

outlet and the highest in the stream outlet. The mean
values of available P were 49, 100, 46, and 174 mg
P,0s/kg for stream inlet, middle inlet, middle outlet,
and stream outlet, respectively, indicating P accumu-
lation at the stream outlet. This phenomenon probably
resulted from the gate regulation of water flow at the
middle outlet. The gate was closed for most of time
and opened during rainfall events. High flow velocity
occurring during rainfall discharge entailed suspended
matter as well as sediment runoff at the outlet. As the
runoff water reached the stream outlet where the
stream slope becomes slow, much of suspended loads
settled down along with particle-adsorbed matter in-
cluding P (Fig. 3). This proves why sediment at the
steam outlet was observed to contain high P content.
The P content from OF paddy soils was discharged
with paddy water runoff and accumulated in the
drainage waterways causing a more slow flow near
the stream outlet.

Paddy water quality

The concentrations of TP and TN in OF paddy wa-
ter increased gradually at the first 2-3 weeks after rice
transplanting and then decreased gradually during the
following rainy season (Fig. 4). This trend was differ-
ent from that of conventional farms, which in general
demonstrated rapid increase in TN and TP concen-
trations over a short period time after chemical fertil-
ization (Cho ef al, 2006; Hong and Kwun, 1998; Seo et
al, 2002).

After flooding paddy field, the paddy environment
with increased water temperature and pH and decrea-
sed redox potential seemed to facilitate the dissolu-
tion of P combined with Fe or Al and thus increase P
content in paddy water (Koski-Vahala and Hartikainen,
2001; Kim et al 2010).

Overall TN concentrations for the organic paddy
fields ranged from 0.28 to 5.95 mg/L and the mean
concentrations varied from 1.72 to 2.55 mg/L depend-

Table 3. Chemical properties of sediments in the stream inlets and outlets

pH EC TN oM Avail. P
lsj;nﬁlglﬁs (1:5 H0) (dS/m) (g/kg) (g/kg) (mg P,0s/kg)
Avg Max Min Avg Max Min Avg Max Min Avg Max Min Avg Max Min
Stream inlet 68 73 66 030 043 016 10 17 06 159 298 64 49 73 28
Middle inlet 67 72 64 018 028 010 10 18 03 189 294 63 100 114 87
Middle outlet 73 74 72 010 020 005 06 1.0 02 95 168 28 46 56 40
Stream outlet 65 70 62 038 062 024 20 22 14 339 399 292 174 222 146
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Table 4. TN and TP concentrations of water from the study paddy sites over the two-year period (unit: mg/L)

2006 TN TP
year Avg Max Min Avg Max Min
OF1 2.04 5.92 0.30 0.72 2.30 0.17
OF2 217 5.22 0.72 0.38 1.55 0.09
OF3 2.32 5.95 0.28 0.39 0.99 0.08
2007 TN TP
year Avg Max Min Avg Max Min
OF2 2.26 3.43 1.16 0.43 0.89 0.10
OF3 2.55 5.77 1.17 0.54 1.70 0.14
OF4 1.72 2.89 0.81 0.35 0.99 0.11
10 10
8 ®OF1  AOF2  DOF3 8 OOF4  AOF2  DOF3
a =
S 6 O 5 6 o0
S A £ O
z 4 0% z 4
E e u o = A A
of I s B A A
A O o} 8 1)
2 | ¢ 0e A 2 0 0 N
o Ae & O Dggo ?8 oﬁ
Elﬁ a 0 [N DQ 0 B
0 U 0
5/25 6/9 6/24 7/9 7/24 8/8 8/23 9/7 5/25 6/9 6/24 7/9 7/24 8/8 8/23 9/7
(a) TN (2006) (b) TN (2007)
2.5 2.5
[ ]
2.0 ®OF1  40F2  TOF3 2.0 OOF4  AOF2  DOF3
° - A
215 A 215
) o
E ° . E A
a 1. 1. A
- 0 = .DEI (Y ) & 0 O 8 A
oA d ﬁ 0 g gO
. ] .
R 6080 0 R0 agsb8, 0
0.0 o Bonotfa o0 0 guHy

5/25 6/9 6/24 7/9 7/24 8/8 8/23 9/7

(c) TP (2006)

5/25 6/9 6/24 7/9 7/24 8/8 8/23 9/7
(d) TP (2007)

Fig. 4. Temporal change in TN and TP concentrations for the organic paddy water (2006-2007).

ing on the cultivation years and methods (Table 4).
The TP concentrations of paddy water varied from
0.08 to 1.70 mg/L (0.35 to 0.54 mg/L on average) and
from 0.17 to 2.30 mg/L (0.72 mg/L on average) in fields
after 4 and 15 years organic farming, respectively. The

TP concentration after 15 years organic farming was
nearly twice as high as that of 4 years organic farm-
ing which implies that P has accumulated in paddy
soils with continuous application of livestock-compost

manure over a long period of time.




LEE et al.

Table 5. TN and TP concentrations in stream water during the growing seasons in 2006 and 2007 (unit: mg/L)

2006 2007
Sampling TN TP TN TP
location
Avg Max Min Avg Max Min Avg Max Min Avg Max Min
Stream inlet 1.34 2.88 0.16 0.08 0.15 0.02 1.60 3.81 0.74 0.06 0.11 0.04
Middle inlet 2.15 3.95 1.35 0.09 0.28 0.01 2.46 3.07 1.91 0.07 0.14 0.02
Middle outlet 1.77 2.40 0.63 0.09 0.21 0.02 2.04 3.04 1.40 0.07 0.15 0.04
Stream outlet 2.01 3.67 0.75 0.19 0.48 0.07 1.90 291 1.20 0.16 0.38 0.05
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Fig. 5. Temporal change in TN and TP concentrations for the site inlets and outlets.

Stream water quality

The mean TN concentrations of stream water ranged
1.34~1.60, 2.15~2.46, 1.77~2.04, and 1.90~2.01 mg/L for
respective stream inlet, middle inlet, middle outlet, and
stream outlet (Table 5). As shown in Fig. 5, overall TN
concentration was highest at the middle inlet where
the Mankyeong river water diverted into the study area
as irrigation water. This indicates that organic farm-
ing has a minimal effect on stream TN concentration.

However, TP concentrations at the stream outlet ranged
from 0.16 to 1.19 mg/L which was substantially ele-
vated probably owing to organic farming practices.
This was approximately two-fold higher than 0.06~0.08,
0.07~0.09, and 0.07~0.09 mg/L from stream inlet, mid-
dle inlet, and middle outlet, respectively. The TP con-
centrations at the stream outlet appeared to be closely
related with rainfall events. In other words, TP con-

centrations were rapidly elevated during major rain-
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fall events (see the peaks in Fig. 5) and decreased
rapidly afterward. During rainfall events, suspended
matter and sediment runoff became the major source
of the stream TP elevation. Continuous application of
livestock compost or similar organic material may re-
sult in TP accumulation in paddy soils and thus run-
off water containing high P content should be fully
taken into consideration. Application of compost con-
taining lesser P with N complementation could be a
good fertilizer management option for organic farm-

ing paddy fields.

Conclusion

Phosphorus content of paddy soil and water in or-
ganic farming fields increased with organic farming
period. Phosphorus accumulation in surface paddy
soil was observed and resulted in the elevation of P
concentrations in sediment and water at the stream
outlet during rainfall runoff event.

Long-term application of livestock compost for or-
ganic farming may cause P accumulation in farm soils,
which could be discharged with rainfall runoff of con-
taining suspended matter and sediments. Thus P mana-
gement application should be considered in order to
minimize the environmental problems as affected by

excessive accumulation of P in organic farming soils.

References

APHA, 1992. Standard methods for the examination
of water and wastewater, American Public Health
Association, Washington, DC.

Chang, S.C., Chu, WK, 1961. The fate of soluble
phosphate applied to soils, /. Korean Soc. Soil Sci.
Fert. 12, 286-293.

Cho, J.W., Kim, J.S., Oh, K\Y., Oh, S.Y., 2006. Pollutant
concentrations at experimental paddy plots, /.
Korean Soc. Agric. Eng. 48, 97-106.

Chung, YK, Hong, CW., 1977. Phosphorus avail-
ability of water-logged soil, /. Korean Soc. Soil 5ci.
Fert. 10, 55-60.

Ehrlich, H.L., 1990. Geomicobiology, 2nd. Marcel Dek-
ker Inc., New York.

Gil, GH,, Kang, ].G., Lee, KD., Lee, ].H., Lee, K.B,,
Kim, ].D., 2008. Assessment of energy efficiency
and nutrient balance in organic rice farming area,
Korean J. Environ. Agric. 27, 267-273.

Hong, SK., Kwun, SK., 1998. Characteristics of pollu-

tant loading into streams from flooded paddies, /.
Korean Soc. Agric. Eng. 31, 92-102.

Isobe, K., Yamaguchi, K., Okumura, K., Yamamoto,
M., Asano, H., Ishii, R., 2005. Characteristics as
fertilizer of feces of aigamo ducks for rice plant
(Oryza sativa L.), Plant Prod. 5ci. 8, 203-208.

Jin, S.A., Yoo, S.H., 1999. Growth of plant and changes
in phosphorus availability in phosphorus accumu-
lated soils, /. Korean Soc. Soil Sci. Fert. 32, 261-267.

Jun, SH., Park, Y.A., 1989. Forms and mobility of
sediment phosphorus in lake Soyang, Korean Soc.
Lim. 22, 261-271.

Jung, B.G., Yoon, J.H., Kim, Y.H., Kim, S.H., 2003.
Dependence of 0.01 M CaCl, soluble phosphorus
upon extractable P and P sorptivity in paddy soil,
J. Korean Soc. Soil Sci. Fert. 36, 384-390.

Koski-Vahala, J., Hartikainen, H., 2001. Assessment of
the risk of phosphorus loading due to resuspen-
ded sediment, /. Envrion. Qual 30, 960-996.

Kim, P.J., Lee, SM.,, Yoon, H.B., Park, Y.H., Lee, ].Y,,
Kim, S.C., 2000. Characteristics of phosphorus ac-
cumulation in organic farming fields, /. Korean Soc.
Soil Sci. Fert. 33, 234-241.

Kim, Y.H,, Kim, ].S,, Jang, H., 2010. Variation of phos-
phorus concentration and redox potential in a pad-
dy field plot during growing season, /. Korean Soc.
Agric. Eng. 52, 47-52.

Lee, Y.S.,, Lee, KS.,, 2000. A study on release charac-
teristics of sediment and its impacts on water qual-
ity in Daecheong dam reservoir, Korean Sci. Environ.
Impact Assess. 9, 99-107.

MAF, 2006. Environmental friendly agriculture im-
provement plan for 5 years (‘06~"10), Ministry of
Agriculture and Forestry, Gwacheon, Korea.

Miller, RW., Donahue, R.L., 1990. Soils : An introduc-
tion to soils and plant growth, 6th ed. Prentice-
Hall, USA.

NIAST, 1998. Methods of soil chemical analysis, Na-
tional Institute of Agricultural Science and Techno-
logy, Suwon, Korea.

Nriagu, J.O., 1972. Stability of vivianite and ion-pair for-
mation in the system Fes(POy);HsPOrHO, Geochim.
Cosmochim. Acta 36, 459-479.

RDA, 2007. A counter measuring studies to the changes
of agricultural environment, Monitoring of the soil
fertility in major agricultural land, Rural Develop-
ment Administration, Suwon, Korea.

Shin, C.W., Kim, ].J., Yoon, J.H., 1988. Studies on the
characteristics of phosphorus in the upland soil, 1.




LEE et al.

Composition of accumulated phosphorus forms
and available phosphorus, /. Korean Soc. Soil Sci.
Fert. 21, 21-29.

Seo, C.S., Park, SW., Im, SJ., Yoon, K.S., Kim, S.M,,
Kang, M.S., 2002. Development of CREAMS-PADDY
models for simulating pollutants from irrigated

paddies, /. Korean Soc. Agric. Eng. 44, 146-156.
Zhang, H., Kovar, J.L., 2004. Phosphorus fraction, In
G.M. Pierzynski (ed.) Methods for P Analysis, Sou-
thern Cooperative Series Bulletin No. #396, SERA-
IEG, North Carolina State University, NC, USA.





<<
  /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


