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Abstract Studies examining the accumulation of sediments within retention 
ponds have tended to provide spatially averaged estimates of deposition rates 
and have not accounted for the spatial variability of deposition and the 
potential role that developing morphological and sedimentary structures play 
in the routing of flow and potential contaminants within retention ponds. 
Additionally, studies examining the potential metal contamination of retention 
pond sediments have tended to examine individual cores at metre intervals. In 
this paper, the utility of ground-penetrating radar to provide a rapid means of 
delineating present pond-morphology and to also provide an estimate of 
sediment deposit thickness within retention ponds is explored. The spatial 
variability of metals in pond sediments at the centimetre-scale is also 
examined. Results show that metal variability around the inlet is high at the 
centimetre-scale, and that a degree of dependence exists between direction of 
flow and metal contamination. 
Key words morphology; ponds; retention basins; Scotland; sediment; sediment deposition; 
spatial variability; SUDS; urban stormwater 

 
 
INTRODUCTION 
 
The prediction of anthropogenically-enhanced global warming invoking more extreme 
rainfall conditions and increasing flood risk in Scotland (Black & Burns, 2002), in 
combination with high rates of urbanisation increasing point-source and diffuse 
pollution over the next century, dictates a need for long-term sustainable intervention 
and management of watercourses at a wide range of scales. Retention ponds (or 
basins), as part of SUDS (Sustainable Urban Drainage Systems) techniques, are 
promoted for controlling flood risk and diffuse water pollution within urban 
catchments. However, being a relatively new approach little is known about their long-
term sustainability if potentially contaminated sediment is permitted to accumulate. 
The need for a greater understanding of the long-term operation and maintenance 
requirements of retention ponds was identified in early studies (Rowney et al., 1986), 
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particularly as sediment accumulation over time leads to a reduction in the capacity of 
the pond (Färm, 2002) to accommodate and attenuate large runoff volumes. The 
physical processes controlling deposition rates within individual ponds need to be 
understood since it has been identified that spatially localised deposition can actively 
force a readjustment of the hydraulics within the pond, leading to possible short-
circuiting of flow and a commensurate reduction in sediment residence time (Fennessy 
et al., 1994). 
 Early studies of sedimentation processes within retention ponds concentrated on 
gaining a broad understanding by examining spatially averaged rates of deposition, 
which were shown to be highly site specific. Yousef et al. (1994) reported a very slow 
rate of deposition throughout the basin studied (0.00783 m year-1), in contrast to 
Striegl (1987), who reported a maximum deposition rate of 0.02 m year-1 in a small 
urban Chicago lake. Marsalek et al.’s (1997) study of the Kingston stormwater pond, 
Ontario, Canada, showed a similar accumulation rate of 0.02 m year-1. This study also 
confirmed that the nature of deposition was spatially variable throughout the pond. 
Larger fractions were preferentially deposited near the inlet, with finer fractions being 
distributed more evenly throughout the pond. Färm (2002) also reported spatial 
variation in sediment accumulation within a Swedish retention pond 18 months after 
its construction, with 0.05–0.08 m near the inlet and 0.015 m at the outlet, giving 
deposition rates of 0.01–0.053 m year-1. The gradient demonstrates preferential 
deposition nearer the inlet—a morphological structure corroborated by other similar 
studies (e.g. Striegl, 1987; Mesuere & Fish, 1989). These structures should, according 
to the observations of Marsalek et al. (1997), contain coarser sediments around the 
inlet, with finer sediments nearer the outlet, giving a laterally graded distribution of 
sediments. It is important to understand the development of these morphologies and 
their associated sediment distribution as they will also inform the spatial distribution of 
potentially toxic metals, which tend to be found in greater concentrations around finer 
sediment grains deposited within the basin (Horowitz, 1991).  
 Studies examining metal concentrations within retention pond sediment show that 
concentrations also tend to be highly spatially variable. At the pond scale, metal 
concentrations in the literature do not appear to follow consistent spatial patterns, 
especially between the inlets and outlets. Färm (2002) reported a decrease in concen-
tration for all metals between the inlet and outlet. In contrast, Marsalek et al.’s (1997) 
study showed a marked increase in metal concentration around the outlet for Cd, Cu, 
Pb, Ni and Zn. In a pond studied by Mallin et al. (2002), an increase in metal concen-
tration was observed around the outlet when compared with the inlet. Conversely, Cu 
concentrations in the <63 μm and <125 μm fractions decreased between the inlet and 
outlet of a retention pond in Oregon, USA (Mesuere & Fish, 1989).  
 These examples show that distance from inlet, at the pond scale, exerts no con-
sistent control over the spatial deposition of metals within retention ponds, though it is 
widely assumed that grain-size, particularly the finer fractions, controls metal deposi-
tion since finer fractions adsorb more contaminants than larger ones, due to their 
greater specific surface area. Furthermore, sampling strategies have generally aimed to 
provide a good areal coverage of the pond, but methodological and cost constraints in 
obtaining samples have confounded this, and samples have typically been taken only at 
metre intervals. Additionally, the spatial accuracy and precision with which individual 
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sediment samples are obtained has generally been overlooked. It is therefore intended 
that the relationships that exist between physical sedimentation, developing morpho-
logical structures, and areas of localised metal contamination within retention pond 
sediments are examined. These will inform pond design and maintenance, in particular 
the potential development of a method for rapidly assessing the location of sediments 
of greater metal contamination within retention ponds, through geomorphological 
observation. As part of the broader research, this paper reports on results from recent 
work that examines: (1) the utility of ground-penetrating radar as a method for rapidly 
delineating pond-bottom morphology and present sediment depths within retention 
ponds; and (2) the processes controlling metal deposition within pond-bottom sedi-
ments by quantifying their spatial variability. 
 
 
STUDY LOCATION 
 
The retention pond investigated is located in central Scotland (OS map reference: 
NS972662). The pond is large compared to other SUDS ponds in Scotland, with a 
surface area of approximately 1.65 ha and a water volume of 23 020 m3. It functions as 
a regional control in the local SUDS treatment train, draining (by way of linear 
wetlands and swales) two large commercial distribution centres. The pond was 
constructed in 2000 and does not have an artificial liner since the substrate of boulder 
clay has a naturally low permeability. It has a maximum water depth of 2.1 m in dry 
conditions. 
 
 
GROUND-PENETRATING RADAR: A NOVEL APPROACH 
 
Feasibility study 
 
Ground-penetrating radar (GPR) is a geophysical technique that identifies non-
invasively subsurface electrical discontinuities by the emission, propagation and 
reflection of high-frequency electromagnetic impulses (Neal, 2004). Despite wide-
spread use in many fields, few have examined the applicability of GPR to water 
bodies. It is likely that this is due to the increased scattering and attenuation of the 
electromagnetic signal that occurs on passage through water, leading many to assume 
that it is not a viable technique, particularly in waters that have high electrical 
conductivity. Nevertheless, one study examined the use of GPR for delineating riverbed 
morphology during a flood (Spicer et al., 1997). Using the signal from a 100 MHz 
GPR antenna suspended above the river channel, a continuous transect of bed-surface 
features was constructed during a flood event but the low frequency only provided a 
theoretical depth resolution of 11.3 cm. Although no subsurface detail was extracted, 
this study proved that GPR was conducive to the delineation of bed-form remotely. 
 A successful trial of using GPR to delineate pond-bottom morphology and 
sediment depth in the retention pond was conducted in August 2006. In two separate 
runs, a 450 MHz antenna and a 200 MHz antenna were secured in contact with the 
bottom of an inflatable boat in a co-polarised, common offset configuration beside a 
differential GPS (global positioning system) rover unit. The base-station for the 
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differential GPS was set-up on a tripod beside the pond. The differential GPS recorded 
location every second, while the GPR was left to run continuously. The boat was then 
moved in a series of approximately linear transects along the long-axis of the pond 
dependent upon the planform geometry of the pond and avoiding highly vegetated 
sections of the pond. To validate the GPR results, pond water depth was also measured 
on the same day using a Plastimo Echo-sounder and also a ranging pole.  
 
 
Results and discussion 
 
The data for both GPR-runs were post-processed using ReflexW 2D. Corrected GPR 
data for the 450 MHz antenna demonstrated an ability to acquire a water-sediment 
boundary with 0.02 m depth resolution, increasing to approximately 0.055 m for sub-
surface sediment features. The resolution achieved by the 200 MHz antenna was 
lower: 0.06 m for the water–sediment boundary and approximately 0.15 m for the sub-
surface sediment features. Water depths could be identified in 81.5% of all traces for 
the 450 MHz antenna, and in 99.2% of all traces for the 200 MHz antenna. The loss of 
data for the 450 MHz antenna compared with the 200 MHz antenna was anticipated 
due to the higher degree of signal attenuation experienced at higher frequencies. High 
electrical conductivity in the water body can be a confounding factor in the use of 
GPR, increasing signal attenuation and scattering. However, average electrical 
conductivity on the day of study was 387 µS cm-1, low in comparison with GPR trials 
that were undertaken previously to test its applicability. The conduct of further field 
research on ponds using GPR needs to avoid times of high pond water electrical 
conductivity, for example as often occurs in temperate and cold climates in winter due 
to the wash-off of salt applied to roads. 
 Relationships were examined between post-processed data for both antennae and 
also between the individual antennae and the echo-sounded depths measured within the 
pond. Since each location where a GPR trace was obtained for the 450 MHz antenna 
was rarely in the same location as the GPR trace locations given by the 200 MHz 
antenna, a program was developed to extract trace points based on a search area 
(kernel) centred around each point. This allows the efficacy with which depths at the 
same location are measured by both antennae to be correlated (based on this 2 m × 2 m 
kernel). The program was also used to extract the locations of the echo-sounded depth 
points in order to compare them with the depths recorded for each antenna (Fig. 1). A 
similar degree of statistical explanation of the echo-sounded depth measurements was 
achieved by both the 450 and 200 MHz antennae. However, the 450 MHz antenna 
provided more realistic results as the gradient of the regression line was closer to 1 and 
the y-intercept closer to 0. This was expected as the depth resolution was better for the 
450 MHz antenna than for the 200 MHz antenna. The depths measured by both 
antennae (Fig. 2) were highly significantly correlated (r = 0.887; p = 0.000). 
 The subsurface resolution of the data from the 200 MHz antenna is too low to 
detect any sediment deposits accurately. Post-processing of subsurface (sediment) 
depth data from the 450 MHz antenna has been challenging as no clear horizon was 
continuously represented throughout each GPR trace to delineate the initially 
constructed pond bottom. Therefore, there is a risk of misinterpretation if the depths 
estimated from the GPR traces are not validated by manually measured sediment  
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Fig. 1 The relationships between water depth measured by echo-sounder and water 
depth estimated from the 450 and 200 MHz antennae. For measurement error (range 
of GPR antenna resolution), see Fig. 2. Measurement error in echo-sounded water 
depths was ±0.05 m. 

 

 
Fig. 2 The relationship between water depths estimated by the 450 and 200 MHz 
antennae (x-error bars for 200 MHz antenna = ±0.03 m and y-error bars for 450 MHz 
antenna = ±0.01 m). 

 
depths throughout the pond. Sediment cores extracted from the pond in December 
2006 were between 0 and 0.15 m thick, but it was difficult to distinguish the pond-
bottom sediment from the deposited material in some cores. Sediment depths estimated 
from selected traces from the 450 MHz antenna (August 2006) were 0–0.22 m  
(±0.0275 m error). Typically, the greater sediment depths were recorded by the GPR at 
greater water depths and were of relatively uniform thickness throughout the main 
body of the pond. However, the boundary between water and sediment in the traces 
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was “fuzzy” rather than abrupt, probably due to a boundary layer of suspended 
sediment that graded into more stable deposits. Sediment depths found at the periphery 
of the pond tended to be thinner (~0–0.1 m). It can be inferred from the 450 MHz GPR 
traces that time-averaged deposition rates at the pond’s periphery can vary between 0 
and 0.017 m year-1, and 0–0.037 m year-1 for the deeper areas of the pond.  
 
 
SPATIAL VARIABILITY OF METALS IN RETENTION POND SEDIMENTS 
 
Methodology 
 
Pond sediments were sampled in March 2006 with minimal disturbance in a 1 m2 
“open-box” quadrat positioned approximately 3 m south of the main inlet to the reten-
tion pond. The positions and elevations of 30 randomly selected points within the 
quadrat were recorded using a Trimble 5600 series total station and cores of between 
0.04 and 0.13 m depth were collected from these locations. The sediment samples were 
returned to the laboratory, air-dried, disaggregated and ground. The oven-dried 
moisture content and organic matter content (through loss on ignition) were deter-
mined for each sample. Total metal concentrations (Cr, Cu, Fe, Ni, Zn) were measured 
by flame atomic absorption spectrometry (Solaar M Series, Unicam) in digests of the 
ashed sediment samples prepared using hydrochloric and nitric acids. All analyses 
were performed in duplicate, with certified reference materials and blanks for 
laboratory quality control. 
 
 
Results and discussion 
 
Mean metal concentrations for Cr, Cu, Fe, Ni, and Zn within the quadrat were 
compared with results from SUDS ponds in Dunfermline, Scotland (Heal et al., 2006) 
and standards (Table 1). The measured metal concentrations were generally similar or 
lower to the other Scottish SUDS ponds. This is perhaps due to the relative maturity 
of, and the greater traffic densities around, the other ponds.  
 
 

Table 1 Sediment concentrations for total potentially toxic metals, compared with other Scottish retention 
ponds and standards for aquatic sediments. Units are mg kg-1 dry weight, except for Fe (%). Values are mean 
± 1 standard deviation. Values in bold exceed aquatic sediment and/or contaminated land standards. 

Determinand This study  
(n = 30) 

Halbeatha  
(n = 49) 

Linburna  
(n = 77) 

Pond 7a  
(n = 62) 

Wetlanda  
(n = 123–126) 

Standards for 
aquatic 
sedimentsb 

Cr 22.6 ± 2.6 70.7 ± 65.8 78.2 ± 87.0 118 ± 110 76.7 ± 102 110 
Cu 21.9 ± 3.1 18.8 ± 9.22 20.9 ± 15.3 16.3 ± 6.42 17.4 ± 7.44 110 
Fe 4.32 ± 1.18 4.41 ± 1.10 4.74 ± 1.68 3.87 ± 0.873 7.16 ± 3.04 4 
Ni 22.4 ± 6.4 63.3 ± 48.4 68.4 ± 39.8 83.9 ± 61.4 63.6 ± 57.5 75 
Zn 69.7 ± 9.5 78.4 ± 72.9 110 ± 89.4 77.0 ± 24.8 93.1 ± 43.1 820 

a Ponds located in Dunfermline, Fife, Scotland (aggregated results for all samples taken between 1999 
and 2003.) See Heal et al. (2006). 
b Severe effect level, Ontario Ministry of the Environment (1993).  
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Fig. 3 Semivariogram surfaces for Cr, Cu, Fe, Ni and Zn sediment concentrations for 
the 1 m2 quadrat study. 

 
 
 Semivariogram surfaces (Fig. 3) were created showing the variation in the data 
with respect to both distance (lag) and direction. Generally, spatial data sampled from 
a continuously varying population will show greater similarity for points closer 
together than those further apart. Overall, the patterns do not reflect this, demonstrating 
a highly variable surface at the centimetre scale. However, closer inspection shows that 
a degree of anisotropy exists in a north–south direction (between 0°N and –15°N) for 
Cr, Cu and, to some extent, Fe, in which the overall semivariance (γ (h)) is low along 
these axes compared to semivariances in other directions. This means the variability in 
metal concentration between samples is not as great along this axis, which also 
corresponds with the direction of the inlet and the main flow direction in this area. It is 
possible that higher velocities of flow along this axis do not fully permit the settling of 
sediments and associated metals, which are conveyed further into the pond. 
 With n = 30, the smallest lag that could be achieved was 0.21 m while keeping an 
optimum number of pairs of points in each lag. It appears that spatial variability is 
occurring at a finer level so increased resolution and more points are required in the 
semivariogram surfaces to quantify this detail. Relationships were also examined 
between metal concentration and sediment deposit morphology. The 30th percentile in 
cumulative elevation was used to delimit areas of “low” and “high” relief in the 1 m2 
quadrat. Two-sample t-tests were conducted to determine if there were significant 
differences (p < 0.05) between metal concentrations in these two areas. The null 
hypothesis was accepted in all cases showing that the sediment surface elevation 
around the inlet exerted no obvious control on metal concentration.  
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CONCLUSION 
 
Ground-penetrating radar, coupled with differential GPS, provide a rapid means with 
which to acquire a continuous representation of present-bedform morphology in retent-
ion ponds, providing that the water electrical conductivity and the volume of submerged 
vegetation in the pond are low. Subsurface detail tends to be more difficult to acquire, 
though this is improved if higher-frequency GPR is used, if sediment depths are thick, 
or if the water depth is shallow. At the centimetre scale, metal concentrations in sediment 
at the pond inlet were highly variable. Micromorphological sedimentary structures that 
develop around the inlet do not exert a strong control on the variability observed, but 
inlet geometry and the angle at which water flows into the pond appeared to reduce the 
variability along its axis for Cr, Cu and Fe concentrations in sediment. Further analyses of 
these data, particularly with grain size information, are needed to provide a fuller explan-
ation of the controls upon metal concentration in pond-sediment deposits. Nevertheless, 
the high degree of spatial variability in metal concentrations in sediment measured at 
the inlet alone suggests that care should be taken in devising sampling strategies for 
assessment of the extent of sediment contamination in retention ponds, particularly if 
few samples are used to estimate pond-scale metal concentrations in sediments. 

 
Acknowledgements The authors are grateful to Alan Hobbs and Alf Ball of the NERC 
Geophysical Equipment Facility, The University of Edinburgh; Alan Pike, Andy Gray, 
John Morman, Anthony Newton and Kari Campbell of the School of GeoSciences, 
The University of Edinburgh, for support in the field, laboratory and with data 
processing; and Eric Jones for his assistance. Alan Jones was funded by a UK NERC 
(Natural Environment Research Council) CASE PhD studentship with Scottish Water. 

 
REFERENCES 
 
Black, A. R. & Burns, J. C. (2002) Re-assessing the flood risk in Scotland. Science Total Environ. 294, 169–184. 
Färm, C. (2002) Evaluation of the accumulation of sediment and heavy metals in a storm-water detention pond. Water Sci. 

& Technol. 45, 105–112. 
Fennessy, M .S., Brueske, C. C. & Mitsch, W. J. (1994) Sediment deposition patterns in restored freshwater wetlands 

using sediment traps. Ecol. Engng 3, 409–428. 
Heal, K. V., Hepburn, D. A. & Lunn, R. J. (2006) Sediment management in sustainable urban drainage system (SUDS) 

ponds. Water Sci. & Technol. 53(10), 219–227.  
Horowitz, A. J. (1991) A Primer on Sediment-Trace Element Chemistry (second edn). Lewis Publishers, Inc., Michigan, USA. 
Mallin, M. A., Ensign, S. H., Wheeler, T. L. & Mayes, D. B. (2002) Pollutant removal efficacy of three wet detention 

ponds. J. Environ. Quality 31, 654–660. 
Marsalek, J., Watt, W. E., Anderson, B. C. & Jaskot, C. (1997) Physical and chemical characteristics of sediments from a 

stormwater management pond. Water Quality Res. J. Can. 32, 89–100. 
Mesuere, K. & Fish, W. (1989) Behaviour of runoff-derived metals in a detention pond system. Water, Air & Soil 

Pollution 47, 125–138.  
Neal, A. (2004) Ground-penetrating radar and its use in Sedimentology: principles, problems and progress. Earth-Science 

Rev. 66(3/4), 261–330. 
Ontario Ministry of the Environment (1993) Guidelines for the Protection and Management of Aquatic Sediment Quality 

in Ontario. Ontario Ministry of the Environment, Canada. 
Rowney, A. C., Droste, R. L. & Macrae, C. R. (1986) Sediment and ecosystem characteristics of a detention lake receiving 

urban runoff. Water Pollution Res. J. Can. 21, 460–472. 
Spicer, K., Costa, J. E. & Placzek, G. (1997) Measuring flood discharge in unstable stream channels using ground-

penetrating radar. Geology 25(5), 423–426. 
Striegl, R. G. (1987) Suspended sediment and metals removal from urban runoff by a small lake. Water Resour. Bull. 23, 985–997. 
Yousef, Y. A., Hvited-Jacobsen, T., Sloat, J. & Lindeman, W. (1994) Sediment accumulation in detention or retention 

ponds. Science Total Environ. 146/147, 451–456. 



<<
  /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 true
  /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 (None)
  /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


