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GROUND-WATER NITRATE REMOVAL CAPACITY OF RIPARIAN ZONES
IN URBANIZING AND AGRICULTURAL WATERSHEDS

T. K. Watson, D.Q. Kellogg, K. Addy, A.J. Gold, M.H. Stolt, and P.M. Groffman*

ABSTRACT: We evaluated the relationship of dominant watershed land use to the structure and function of
riparian zones with respect to nitrogen (N) dynamics. We focused on ground-water denitrification capacity, water
table dynamics and the presence and pattern of organically-enriched deposits. We used the push-pull method
(measurement of '°N-enriched denitrification gases derived from an introduced ground-water plume of "°N-
enriched nitrate) to evaluate ground-water denitrification capacity on nine forested wetland riparian sites
developed in alluvial or outwash parent materials in Southern New England. Three replicate sites were located in
watersheds dominated by irrigated agriculture, suburban and forest. Soil morphology and water table dynamics
were also assessed at each site. We found significantly lower mean annual water tables at sites within
watersheds dominated by irrigated agriculture or suburban development versus forested watersheds. Water table
dynamics were more variable at sites within suburban watersheds, experiencing greater extremes, especially
during the summer. Ground-water denitrification capacity was significantly greater at sites within forested
watersheds than at sites within watersheds dominated by irrigated agriculture. Because of the high degree of
variability of sites within suburban watersheds, ground-water denitrification capacity was not significantly different
from either forested or agricultural watersheds. The highly variable patterns of buried labile carbon and water
tables at sites within both suburban and irrigated agricultural watersheds suggests that transport and depositional
events are irregular, limiting the predictability of ground-water N dynamics in these riparian zones. Our results
argue for effective source controls in urbanizing watersheds and in areas with irrigated agriculture.
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INTRODUCTION

Because ground-water hydrology plays a central role in the capacity of riparian zones to intercept and
denitrify ground-water nitrate, any changes to hydrology may impact riparian function. Within suburban/urban
watersheds impervious cover and storm drainage networks alter natural hydrologic flow paths and prevent
infiltration and recharge to ground water, shifting water movement from ground-water flow to surface runoff
(Schueler, 1994; Arnold and Gibbons, 1996). Surface runoff is diverted to storm-water systems, minimizing the
potential for N transformations through interaction with upland and riparian ecosystems before entering streams,
lakes and estuaries (Paul and Meyer, 2001; Gold et al., 2001). Reduced infiltration and recharge to ground water
can lower riparian water tables, disconnecting ground water from biologically active surface soils. Within
agricultural watersheds, high volume irrigation wells can also lower riparian water tables during the growing
season. Lowered riparian water tables bring about long-term impacts on riparian hydrology and the quantity and
quality of riparian soil organic matter (SOM).

While regional water tables in urbanizing watersheds tend to drop because of increased surface runoff, local
conditions such as undersized or improperly located culverts may result in riparian flooding (Paul and Meyer,
2001), locally raising the water table from pre-development levels. In addition, locally high rates of sediment
deposition may increase stream braiding, sustaining or raising riparian water tables. We hypothesize that riparian
areas located in hydrologically-altered watersheds (i.e., irrigated agricultural and suburban/urban) will have higher
spatial variability in ground-water denitrification rates than riparian areas in forested watersheds.
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To test this hypothesis we examined water table dynamics, soil morphology and ground-water denitrification
capacity in riparian areas situated in watersheds dominated by irrigated agriculture or suburban/urban
development as compared to those situated in watersheds dominated by forest (Kellogg et al., 2005).

Study Sites

Six riparian sites were located on first or second order streams throughout Rhode Island, USA:
e Ag1, Ag2 and Ag3 were within watersheds ranging in area from 47 to 590 ha, with 23 to 32% of the total area in
agriculture, 19 to 42% forest and 2 to 5% impervious surface cover (ISC).
e Suburb1, Suburb2 and Suburb3 were within watersheds ranging in area from 30 to 206 ha and had ISC ranging
from 35 to 46% of the total area, 0 to 2% agriculture, and 0 to 4% forest.
We compared these six sites located in developed watersheds to Forest1, Forest2 and Forest3 located within
watersheds ranging in size from 90 to 1855 ha with 0% agriculture, 52 to 76% forest and ISC ranging from 1 to
3% described in detail by Kellogg et al. (2005). All sites were located on hydric soils with alluvial or glacial
outwash parent materials. While the dominant land uses varied among watersheds, all riparian sites were
forested, with the dominant species being red maple (Acer rubrum L.).

METHODS

Watershed boundaries were delineated by heads-up digitizing from geographically registered USGS 7.5-
minute topographic quads. Land use within the watersheds was estimated using the MANAGE model (Joubert et
al., 1996) based on statewide 1995 1:25,000 land use/land cover from the Rhode Island Geographic Information
Systems (RIGIS) database. MANAGE aggregates some land use classifications and assigns ISC for each
aggregate classification based on values developed for runoff calculations by USDA/NRCS (SCS, 1986).
Changes in land use were noted by comparing aerial photographs taken in 1939 with those taken in 1995.
Because the photos were not geo-referenced these changes could not be quantified.

At the six sites within developed watersheds a water table well was installed within the hydric soils of the
riparian zone to a depth of approximately 1.75 m within 5 m of the stream. Similar water table wells had previously
been installed at the sites within forested watersheds. Wells consisted of 3.8-cm i.d. PVC pipe with a pointed end
cap and cover, slotted every 0.5 cm along the entire length. Water table wells were monitored at all nine sites
monthly from January 2004 to August 2005. After levels were recorded wells were purged of two well volumes
using a Masterflex L/S portable peristaltic pump (Cole Parmer, Vernon Hills, IL) and ground-water temperature
recorded.

Mini-piezometers (0.8-cm o.d., 2-cm screen length; AMS, American Falls, ID) attached to gas-impermeable
Teflon tubing were installed within 3 m of the stream. Mini-piezometer depth was guided by investigations of soil
texture based on samples collected with a soil auger to determine permeable soil layers so that piezometers
would be placed in layers conducting substantial ground-water flux. At four of the six sites, Ag2, Ag3, Suburb1
and Suburb2, three “shallow” mini-piezometers (50 cm to 90 cm below the soil surface) and three “deep” mini-
piezometers (150 cm to 200 cm below the soil surface) were installed. Due to low saturated hydraulic conductivity
within the upper meter at Ag1 and Suburb3, only 3 “deep” mini-piezometers were installed. All mini-piezometers
were installed at least 2.5 m apart laterally.

At each of the sites a soil pit was dug in the hydric soil to a depth of approximately 1.5 m. Ground water was
pumped from the pits at 600 L/min (Honda WP20X, American Honda Power Equipment Division, Alpharetta, GA),
enabling soil characterization and sampling below the water table. Soil morphology was described using standard
procedures. Soil samples were also obtained from auger borings to measure SOM content at the screened depth
of each of the mini-piezometers approximately 1 m away laterally. To ensure the samples were not contaminated
with carbon from surface soils, a small pit was dug and the sample collected when the depth of the pit was within
one auger boring of the depth of the mini-piezometer. SOM content of soil samples was determined using the loss
on ignition technique as described by Hanna (1964).

To estimate in situ ground-water denitrification capacity we used the push-pull method (Addy et al., 2002;
Istok et al., 1997). We introduced a ground-water plume with '*N-enriched NOz-N and a conservative tracer (SFe)
into each mini-piezometer. Following an incubation period of at least four hours the plume was extracted for
analysis (Addy et al., 2002; Kellogg et al., 2005). Push-pull tests were performed twice during the autumn of 2004
because seasonally higher ground-water denitrification rates have been observed in this season (Kellogg et al.,
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2005; Nelson et al., 1995). At least two weeks passed between the first and second denitrification push-pull tests,
allowing time for any remaining plume to be flushed from the vicinity of the mini-piezometer. We based our
denitrification capacity estimates on the second push-pull test to account for any microbial priming that would take
place after initial exposure to elevated nitrate concentrations (Addy et al., 2002; Kellogg et al., 2005). Ambient,
introduced and recovered ground-water samples were analyzed for temperature, dissolved oxygen (DO),
dissolved organic carbon (DOC), NO5-N, dissolved SFg, N,, N,O, "N, and "°N,O gases.

The Mann-Whitney U Test was used to compare water table heights and ground-water denitrification rates by
dominant watershed land use. Spearman Rank Order correlations were used to determine significant correlations
between ground-water denitrification capacity, ambient NO3-N concentrations, DO, temperature, depth, and SOM
content. All statistical analyses were performed with STATISTICA 6.0 (StatSoft, Inc., Tulsa, OK). Statistical
significance was set at p<0.05 in all cases.

RESULTS

Buried organically-enriched layers were observed at all six sites and the three sites from forested watersheds
monitored by Kellogg et al. (2005). Evidence of anthropogenic disturbance was noted at all sites within suburban
watersheds where buried fragments of glass, plastic and other debris were found. For example, multiple buried
graminoid layers (i.e., grasses, sedges or rushes) were recorded at Suburb2 from 0.37 to 1.24 m depth. Also at
this site glass fragments were recovered to a depth of 0.27 m and plastic fragments were recovered down to 0.38
m suggesting that the upper 0.38 m were deposited over the last 50 to 60 years. The 1939 aerial photographs of
this area show a large expanse of agricultural land that has since been converted to suburban development.

When grouped by dominant watershed land use, ambient nitrate was significantly higher at the suburban and
agricultural sites than at the sites in forested watersheds, while not significantly different from each other. Ambient
ground-water DO at the agricultural sites was significantly lower than at the suburban sites, though the DO at the
sites in forested watersheds was not significantly different from the DO at sites in either agricultural or the
suburban watersheds. Ambient DOC at the sites in forested watersheds was significantly higher than sites in
either the agricultural or suburban watersheds. When all sites were taken together, DO and DOC were
significantly correlated with ground-water denitrification capacity, though this pattern did not hold across the three
watershed types when considered separately.
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Figure 1. Mean Annual Water Table Depths
(cm). Letters denote significant differences
(p<0.05).

Water tables generally showed typical seasonal variation for forested riparian wetlands in the temperate
northeast: highest in the winter and spring and lowest in summer and early autumn. All sites experienced
occasional surface flooding in winter. During the summer months water tables occasionally dropped to more than
0.5 m below the soil surface at several of the sites. Mean annual water table depths were significantly deeper at
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sites within both agricultural and suburban watersheds than at sites within forested watersheds, and not
significantly different from each other (Figure 1). There were no significant differences in mean summer water
table depths among the three watershed types, though variability was much higher in suburban and agricultural
watersheds (Table 1), based on inter quartile ranges, with the suburban sites displaying a degree of “flashiness”
in the water table.

In situ ground-water denitrification capacity measured in the shallow wells was not significantly different from
that measured in deep wells so shallow and deep wells were pooled. The sites within forested watersheds had a
significantly higher mean (+ SE) in situ denitrification capacity (64.3 pg/kg soil/day + 15.3) than those within
agricultural watersheds (17.2 pg/kg soil/day + 6.0), while the sites within suburban watersheds (23.9 ug/kg
soil/day + 12.7) did not differ significantly from those in either forested or agricultural watersheds. At least 30% of
samples from all watershed types displayed very low denitrification capacity; however high rates were most
commonly observed in the forested watersheds (Figure 2). In situ ground-water denitrification rates within
suburban watersheds displayed very high variability reflected in the long “tail” of the cumulative distribution
function. Less than 10% of values observed in the suburban watersheds exceeded rates of 10 pg/kg soil/day. In
contrast, 70% of the values observed in forested watersheds exceeded that rate.
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Figure 2. Cumulative Distribution of Ground-water Denitrification Capacity
across Dominant Watershed Land Use Types. Each point represents one
push-pull test: Agriculture (n = 15), Suburban (n = 15), Forest (n = 27).

DISCUSSION

Water table dynamics were more variable in developed watersheds, especially in summer, consistent with our
hypothesis. Our study sites were located on low gradient streams which limited the extent of potential incisement
and therefore, the degree to which the mean annual water table might drop at these sites. In addition to the low
gradients, the stream bank soils consisted of erodible sands and silts with very low clay content (<5%), minimizing
the development of steep stream banks. The suburban streams and riparian zones displayed substantial
sedimentation and evidence of buried soils, similar to the findings of Walter and Merritts (2008). Past studies in
urban areas (Groffman et al., 2002; Burt et al., 1999) have found incised steam channels, deeper riparian water
tables and lower riparian ground-water denitrification. Those study sites were generally situated along higher
gradient streams and with soils with somewhat higher clay content than our study sites.

The higher range of riparian water table elevation observed in the developed watersheds may be related to
road culverts, sedimentation and irrigation as well as changes in watershed infiltration. At two suburban sites
(Suburb1 and Suburb3) and two of the agricultural sites (Ag1 and Ag2), culverts were located less than 100 m
downstream from the site. At several of these sites there was noticeable back-up behind culverts, restricting

4



2008 AWRA Summer Specialty Conference June 30 — July 2, 2008

stream flow and potentially locally raising the water table following runoff events. Lower average annual water
tables at sites in agricultural watersheds corresponded to sites with some stream enlargement (i.e., deepening
and/or widening) and/or irrigation in nearby agricultural areas.

Of the sites located in developed watersheds, the highest rate of denitrification capacity was observed at
Suburb2 where buried layers of partially decomposed graminoid material were noted. The high rates of
denitrification capacity and buried graminoid materials were only observed at shallow depths. Although the deep
wells at this site were less than 4 meters away from the shallow wells, denitrification capacity was substantially
lower in the deep wells. Paul and Meyer (2001) have described a spatial and temporal continuum of stream
disturbance characteristics in urbanizing watersheds which is consistent with the high degree of variability in
water table dynamics and ground-water denitrification capacity found within our suburban watersheds.

Most watersheds in Rhode Island have been subjected to human disturbance in the form of agriculture or
urbanization in the past 200 years. Based on 1939 aerial photos, all the suburban and agricultural watersheds
selected for this study have been subject to human disturbance for more than 65 years. This was confirmed by
evidence found in the riparian soils of both the agricultural and suburban watersheds. All nine of the sites had
buried organically-enriched soil horizons and the suburban sites also had buried glass and plastic fragments.
These buried layers may be the result of flashy streams or upstream construction activities. The increased
velocity associated with storm flows in urbanizing watersheds is capable of carrying and depositing large loads of
mineral sediment and organic debris either in the stream channel itself or onto riparian areas.

CONCLUSION

Riparian zones in watersheds with irrigated agriculture or suburban development display an array of
disturbances that restrict our ability to relate riparian ground-water denitrification capacity to generalized site or
watershed characteristics. Conditions that favor ground-water denitrification, labile carbon and low DO, were
found at sites within both suburban and agricultural watersheds, but did not occur in any consistent or predictable
way. The highly variable patterns of buried labile carbon at sites within both suburban and agricultural watersheds
suggests that transport and depositional events are irregular, limiting the predictability of N dynamics in riparian
zones of disturbed watersheds. These results argue for effective source controls in urbanizing watersheds and in
areas with irrigated agriculture.

ACKNOWLEDGEMENTS

The authors would like to thank David Harris at UC Davis for 15N analysis; Gary Blazejewski for initial site
reconnaissance and installation; Sean Donahue for soil characterization; Linda Green and Elizabeth Herron for
analytical support; Lorraine Joubert for MANAGE support; Mike St. Pierre, Josh Klement, Chelsea Coker; Sophia
Narkiewicz, Dave Millar, Alison Milliman and Opeyemi Odewale for field and laboratory assistance. This work was
supported in part by Rhode Island Sea Grant, under NOAA Grant No. NA40AR4710062 and the Rhode Island
Agricultural Experiment Station. The views expressed herein are those of the authors and do not necessarily
reflect the views of NOAA or any of its subagencies. The U.S. Government is authorized to produce and distribute
reprints for governmental purposes notwithstanding any copyright notation the may appear hereon.

REFERENCES

Addy, K., D.Q. Kellogg, A.J. Gold, P.M. Groffman, G. Ferendo, and C. Sawyer, 2002. In Situ Push-Pull Method to
Determine Ground Water Denitrification in Riparian Zones. Journal of Environmental Quality 31:1017-1024.

Arnold, C.L. and J.C. Gibbons, 1996. Impervious Surface Coverage: The Emergence of a Key Environmental
Indicator. Journal of the American Planning Association 62:243-258.

Burt, T.P., L.S. Matchett, KW.T. Goulding, C.P. Webster, N.E. Haycock, 1999. Denitrification in Riparian Buffer
Zones: The Role of Floodplain Hydrology. Hydrological Processes 13:1451-1463.

Gold, A.J., P.M. Groffman, K. Addy, D.Q. Kellogg, M. Stolt, and A.E. Rosenblatt, 2001. Landscape Attributes as
Controls on Ground Water Nitrate Removal Capacity of Riparian Zones. Journal of the American Water
Resources Association 37:1457-1464.



2008 AWRA Summer Specialty Conference June 30 — July 2, 2008

Groffman, P.M., N.J. Boulware, W.C. Zipperer, R.V. Pouyat, L.E. Band, and M.F. Colosimo, 2002. Soil Nitrogen
Cycle Processes in Urban Riparian Zones. Environmental Science and Technology 36:4547-4552.

Hanna, W.J., 1964. Methods for Chemical Analysis of Soils. In: Chemistry of the Soil, F.E. Bear (Editor). Reinhold
Publishing Corp., New York, NY, pp. 474-502.

Istok, J.D., M.D. Humphrey, M.H. Schroth, M.R. Hyman, and K.T. O’Reilly, 1997. Single-Well, “Push-Pull” Test for
In Situ Determination of Microbial Activities. Groundwater 35:619-631.

Joubert, L., D.Q. Kellogg, and A.J. Gold, 1996. Watershed Nonpoint Assessment and Nutrient Loading Using the
GIS-based MANAGE Method. Proceedings of Watershed 96 — A National Conference on Watershed
Management. U.S. EPA, pp. 84-86.

Kellogg, D.Q., A.J. Gold, P.M. Groffman, K. Addy, M.H. Stolt, and G. Blazejewski, 2005. In Situ Ground Water
Denitrification in Stratified Permeable Soils Underlying Riparian Wetlands. Journal of Environmental Qualtiy
34:524-533.

Nelson, W.M., A.J. Gold, and P.M. Groffman, 1995. Spatial and Temporal Variation in Groundwater Nitrate
Removal in a Riparian Forest. Jounal of Environmental Quality 24:691-699.

Paul, M.J. and J.L. Meyer, 2001. Streams in the Urban Landscape. Annual Review of Ecology and Systematics
32:333-365.

Schueler, T.R., 1994. The Importance of Imperviousness. Watershed Protection Techniques 1:100-111.

Soil Conservation Service (SCS), 1986. Urban Hydrology for Small Watersheds. Technical Release 55.
Washington, DC.

Walter, R.C. and D.J. Merritts, 2008. Natural Streams and the Legacy of Water-Powered Mills. Science
319(5861):299-304. DOI:10.1126/science.1151716.




<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


