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The application of Rn and the four naturally occurring Ra isotopes (using an one-dimensional advection-diffusion
model) was shown as a tool to assist in the interpretation of coastal ocean circulation, groundwater input and
biogeochemistry at Ubatuba region. Since they do not require steady-state conditions with respect to mixing, these
isotopic techniques can supply useful data which coupled with salinity or any other tracer distributions, provide
powerful constraints to follow the circulation patterns and calculate fluxes of several dissolved materials to the
ocean. Obviously, additional work during different conditions shall be carried out to estimate average exchange
times, fluxes and its seasonal variations. Once it was indicated and quantified in a previous research work, carried
out in Ubatuba using Rn as a tracer, that there is a significant inflow of subsurface fluids at rates in excess of several
cm per day in the same embayments studied here, we intend to use the Ra data set and the residence times obtained to
perform a mass balance (integrating river and groundwater end-member concentrations) to quantify the
groundwater input for the same area. This is a research .
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ABSTRACT

Isotope Techniques for Assessment of Submarine Groundwater Discharge and
Coastal Dynamics in Ubatuba CoastalAreas, Brazil

J.Oliveira†; A.C.R. Elísio†; W.E. Teixeira†; A.C.Peres†; W.C. Burnett‡; P.P.Povinec ;
B.L.K. Somayajulu§; E.S.Braga*; V.V. Furtado*

�

INTRODUCTION

MATERIAL AND METHODS

Submarine groundwater discharge (SGD), which includes
fresh groundwater and recycled seawater, has been recognized
as a widespread phenomenon that can provide important
chemical elements to coastal zones, representing an important
material flux pathway from land to sea in some areas. Natural
radionuclides from U and Th decay series have been applied
to trace and to quantify groundwater inputs to the ocean.
Geochemical tracers, like Rn and Ra, are advantageous for
regional-scale assessments of SGD, because their signals
represent values integrated through the water column that
removes small-scale variations. These radionuclides are usually
enriched in groundwater compared to seawater, can be
measured at very low concentrations and are conservative.

In the natural radioactive series, there are four radium
isotopes: Ra (t = 1620 y); Ra (t = 5.75 y); Ra (t = 11.3
d); Ra (t = 3.66 d). Each isotope is produced from the decay
of a thorium parent: Th (t = 7.54 x10 y); Th (t =
1.40x10 y); Th (t = 18.7 d); Th (t = 1.91 y), respectively.

Because thorium remains tightly bound to particles while
radium daughters are mobilized into the marine environment,
sediments provide a continuous source of Ra isotopes to
seawater, at rates set by their respective decay constants.
Measurements of the Th isotope activities in the sediments and
the distribution coefficient of Ra between the sediments and
water provide a means of quantifying the potential input of each
isotope to the ocean.

Two short-lived radium isotopes Ra and Ra can be used
as tracers to measure the rate of exchange of coastal waters.
Shore-perpendicular profiles of Ra and Ra in surface waters
along the coast may be modeled to yield eddy diffusion
coefficients. Coupling the exchange rate with offshore
concentration gradients, the offshore fluxes of dissolved
materials are estimated. For systems in steady-state, the
offshore fluxes must be balanced by new inputs from rivers,

groundwater, sewers or other sources.Also, it was observed that
barium and Ra contents can be powerful indicators of
groundwater input in marine systems, since they have high
relative concentrations in the fluids and low reactivity in the
coastal ocean. An estimate of the Ra offshore flux is made
applying the eddy diffusion coefficients to the Ra offshore
gradient. Complementary data of Ra in subsurface fluids
provides a mean of calculate the fluid flux necessary to support
the Ra concentrations found in the marine environment.This
paper reports the determination of Rn, Ra, Ra, Ra and

Ra in a series of small embayments of Ubatuba, São Paulo
State-Brazil. The main aim of this preliminary work was to
apply these isotopes as tracers to assess coastal mixing rates and
groundwater input. Concurrent analysis of Ra in sediment,
seawater and sediment physical properties, besides nutrients
improved the evaluation carried out in this coastal region.

The field work was carried out in 2002, in a series of small
embayments of Ubatuba, covering latitudes between 2326'S
and 2346'S and longitudes between 4502'W and 4511'W. The
main embayments selected to be studied in this project are
Flamengo Bay (Ubatuba Marine Laboratory site), Fortaleza
Bay, Mar Virado Bay and Ubatuba Bay.

The study area comprises the northernmost part of São Paulo
Bight, southeastern Brazil, and is considered a tropical coastal
area. The geological/geomorphologic characteristics of the area
are strongly controlled by the presence of granites and
migmatites of a mountain chain locally called Serra do Mar
(altitudes up to 1,000 meters), which reaches the shore in almost
all of the study area, and limits the extension of the drainage
systems and of Quaternary coastal plains 1995).
The interaction of wave directions with the extension and
orientation of bay mouths and the presence of islands in the
inner shelf lead to the occurrence of sensible variations in the
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dynamics characteristics of the bays, despite that they can all be
considered as enclosed bays. During the summer, the advance
of the South Atlantic Central Water (SACW) over the coast
leads to the displacement of the Coastal Water (CW) (C

, 1987), rich in continental suspended materials, and
to the transportation of these sediments to the outer portions of
the continental shelf. During winter, the retreat of the SACW
and the decreasing of the rainy levels restrict the input of
sediments from the continental areas. The mean annual rainfall
is roughly 1,803 mm, the maximum rainfall rates being
observed in February. Sea level varies from 0.5 to 1.5 m, the
highest values occurring in months August/September due to
greater volume of warm waters of Brazil Current
1997). The Ubatuba coastal area is known to be oligo-
mesotrophic, because the primary production is limited by the
lack of inorganic compounds of nitrogen and phosphorous
(B , 1998). This region has been reported to
receive nutrient inputs by atmospheric contribution mainly in
nitrogenous compounds, and in minor degree by terrestrial
contribution, which limit the local primary production.
However, seasonal intrusion of nutrient and oxygen-rich South
Atlantic Central Water (SACW) from the open ocean
thermocline may reach the shelf edge, and may further be
transferred by coastal upwelling, that is driven by northeasterly
winds, providing a third source of nutrients for primary
production.

For the Rn survey purposes, seawater samples were
collected in February and August 2002, at 1-2 m depth intervals
using a peristaltic pump to purge the sampling tubes and then
drawn into 4 L evacuated glass bottles. Seawater was purged for
5 minutes from the hose at each depth prior to filling the
sampling bottles, and they were immediately sealed to prevent
radon losses.

To assess the spatial distribution of the Ra tracers, five shore-
perpendicular transects were sampled in January and August
2002, the horizontal profiles were collected up to about 30 km
from shore. Large volume seawater samples (196 L) were
pumped from 5 m below the surface into plastic drums on the
R/V Velliger II. The sample volume was recorded and the
seawater was percolated through a column of manganese coated
acrylic fibre to quantitatively remove radium from seawater

1996). Temperature and salinity profiles were
obtained at each station using a 2.00” Micro CTD, from
Falmouth Scientific Inc. Samples for salinity and nutrients were
also collected in each station.

In each profile, samples for the determination of phosphate,
silicate, ammonium, nitrite and nitrate were also collected.
Water samples were frozen until time of analysis. The analytical
procedures adopted for these determinations were vanadium
reduction followed by chemiluminescence detection of NOx
for nitrate-nitrite, phenate method for ammonia and ascorbic
acid method for phosphate.

Rn was extracted and counted using a modified emanation
technique described by (1996). Once extracted, the
radon gas was collected in a liquid nitrogen cold trap and
transferred from the trap to an alpha scintillation cell. After
radon stripping and transfer into alpha scintillation cells,
samples were stored for 3 hours to allow Rn daughters, Po
and Po to equilibrate and counting was performed using a
portable radon monitor RDA-200, Scintrex. After the initial
radon analysis, the samples were sealed and stored for at least
five days for Rn ingrowth and then flushed again in order to
determine the Ra activity. Excess radon was determined as the
difference between the total Rn in samples and the supported

Rn, assumed to be equal to the Ra activity. These values
were decay-corrected back to the time of sampling in order to
assess the in situ excess radon concentrations. Once the
concentrations have been determined, ideally as a complete
profile through the water column, the inventory was calculated
by integrating the excess radon concentrations over water depth
intervals. Bottom sediment grab samples were also obtained at
each site in order to assess potential diffusive fluxes of Rn
from sediments.

In an onshore laboratory each Mn fibre sample was partially
dried with a stream of air and placed in an air circulation system
described by (1996). He was circulated over
the Mn fibre to sweep Rn and Rn generated by Ra and

Ra decay in a 1.1 L scintillation cell. The alpha particles from
the decay of radon and its daughters were recorded by a
photomultiplier tube (PMT) attached to the scintillation cell
described previously. Signals from the PMT were routed to a
delayed coincident counter system adapted for Ra
measurements ( , 1996). The delayed
coincidence system utilizes the difference in decay constants of
the short-lived Po daughters of Rn and Rn to identify alpha
particles derived from Ra and Ra captured on the Mn fiber.
The expected error of the short-lived Ra isotope measurement is
10%.

After completing the Ra and Ra measurements, the Mn
fibre samples were aged for 5 weeks to allow excess Ra to
equilibrate with Th adsorbed to the Mn fibre. The samples
were measured again to determine Th activity and this value
was used to correct the Ra activity to its unsupported activity.

Following these analyses, the Mn fibre was leached in a
beaker with 200 mL HCl under controlled heating, to
quantitatively remove the longer-lived Ra isotopes. For the
radiochemical separation of Ra and Ra, carriers of stable
barium (20mg) and lead (20 mg) were added to the water sample
in the presence of 5 mL of 1 M citric acid and 5 mL of 40%
hydroxylamine hydrochloride solutions. The radium was co-
precipitated as Ba,Pb(Ra)SO by adding 50 mL of 3 M H SO .
The precipitate was dissolved with alkaline EDTA. When the
pH is adjusted to 4.5 with glacial acetic acid, Ba(Ra)SO is re-
precipitated, while interfering elements remain in the solution.
The Ba(Ra)SO precipitate was transferred to a 2 mL
polypropylene tube and sealed to avoid the escape of Rn. Ra
and Ra were measured by gamma spectrometry of a
Ba(Ra)SO precipitate in a WeGe well germanium detector,
after 21 days from the precipitation. The Ra activities were
determined by taking the mean activity of three separate
photopeaks of its daughter nuclides: Pb at 295.2 keV and
351.9 keV, and Bi at 609.3 keV. The Ra content of the
samples was determined from the 911 keV and 968 keV
gamma-ray peaks of Ac. Both measurements were performed
at the Physical Research Laboratory,Ahmedabad, India.

The highest Rn in excess inventories were observed both in
Flamengo and Fortaleza embayments. The groundwater
advective velocity rates calculated for Ubatuba embayments in
2002 varied from 3.7 x 10 to 3.5 cm day . However, the
corresponding advective velocity rate of groundwater obtained
for Fortaleza Bay was slightly higher than to that one observed
at Flamengo Bay, since this parameter is function of the bottom
sediment porosity. To evaluate the order of magnitude of these
fluxes, the results obtained in this work were compared to
values reported for other authors in Florida. The SGD values
found in Ubatuba embayments are three orders of magnitude
lower than those estimated by (1996) in a study
carried out in the northeastern Gulf of Mexico, covering an area
of 620 km .

During the period of this investigation, the activity
concentrations of Ra in surface seawater varied from 2.7 to 41
mBq 100 L , Ra in excess from 8.5 to 624 mBq 100 L , Ra
from 78 to 187 mBq 100 L and Ra from 109 to 409 mBq 100
L . The Ra/ Ra activity ratios observed in seawater samples
ranged from 0.7x10 to 0.46, whereas Ra/ Ra AR varied in
the interval from 0.6 to 1.9. These results seems to indicate that
Ra isotopes from Th series prevail in a major number of
samples, when compared with Ra isotopes from U and U
series. Nearshore water, such as surface water close to
continents and coastal water in contact with terrigenous
sediments were it is observed limited circulation with open
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ocean, appear to have very high Ra/ Ra activity ratios. When
nearshore water mixes with oceanic water, the Ra/ Ra ratio
goes down. The Ra activity concentrations found in surface
seawater samples studied at Ubatuba region are of the same
order of magnitude than those reported by other author in the
southeastern coast of United States (typical values from 133 to
283 mBq 100 L ) 1996).

The Ra distribution in surface seawater samples from
Flamengo bay transect showed a narrow range along the coast.
Since the half-life of Ra (1,620 y) is comparable to the mean
ocean circulation time established from 750 a 1000 years
(B , 1982), the Ra should be very well mixed
in seawater (uniform concentrations along the coast). Deviation
of this behavior is expected to occur only close to the margins or
the bottom (in this case one positive Ra signal could be used to
identify a groundwater input). In the case of Ra, as it has the
half-life of 5.7 years, the activities are higher close to the
margins, decreasing with distance from shore.

The distribution of Ra in excess vs. Ra along the
Flamengo bay transect (30 km offshore) demonstrates clearly
the influence of a second water mass entering the coastal area
during the summer season. There is a strong correlation
between the short-lived Ra isotopes in Flamengo transect (r =
0.94519). However, the same pattern was not observed for all
the samples in a correlation plot of Ra vs. Ra (r = 0.77287).

Regarding the nutrients, it was found increased silicate
concentrations in surface seawater around 25 km offshore in
Flamengo transect, which can indicates upwelling of a bottom
water mass or submarine groundwater discharge. Although,
nitrate and phosphate concentrations measured are comparable
to the values usually found in Ubatuba region. It was not
observed any anomalous nitrate concentration in the Flamengo
transect samples, which would indicate infiltration of
groundwater contaminated by domestic sewage. Since it is very
well known that ocasionally, the upwelling of SACW can bring
nutrients for the local embayments of Ubatuba, thus, the silicate
signal noticed at 25 km offshore can be with great probability
due to the passage of SACW close to the coast during the
summer. Reports of an interesting correlation of silica and
barium concentrations with those of Ra in collateral seawater
samples have been made by some researchers, calling attention
to the parallel geochemical behavior among these elements. It
appears that radium behavior in the marine environment closely
parallels that of barium, both of which are carried by marine
diatoms, which are highly siliceous organisms.

The distributions of ln Ra and ln Ra in excess vs. distance
from shore for samples collected in Flamengo transect were
also compiled. Theoretically, these concentrations should
decrease exponentially with distance offshore. However, it was
observed a slight increase of Ra and Ra activities after 25
km. This fact demonstrates again the presence of a second water
mass with distinct characteristics, which could be attributable to
SACW upwelling or the circulation pattern of the studied
embayments or groundwater discharge. In this case, the
existence of an anti-clockwise eddy in opposition to the passage
of ocean currents parallel to the coast could carry more fast the
short-lived Ra isotopes to this location.

Considering the results obtained in the summer 2002, the
exchange time of the surface water masses inside Flamengo,

Fortaleza and Mar Virado embayments were estimated using
the activity concentrations of Ra and Ra (short inner bay
transects). Apparent ages calculated by this method reflect the
time elapsed since the water sample became enriched in Ra and
was isolated from the source. This calculations assumed that
100% of the initial concentration of the Ra isotope present in the
sediments in the near shore region was transferred to the
seawater (end-member fraction=1). The exchange time
obtained using the Ra activities were 29.4 days for Flamengo
Bay, 18.8 days for Fortaleza Bay and 19.7 days for Mar Virado
Bay. Taking into account the Ra activities, these apparent ages
were respectively: 19.9 days for Flamengo, 7.3 days for
Fortaleza and 8.5 days for Mar Virado. However, it is
recommended to use the ages determined from the Ra profile
across the shelf, since the lowest half-life of 3.6 days for Ra
may be less convenient for this purposes. The water exchange
time in Flamengo Bay was verified using the activities of Ra
normalized to Ra activities to correct for mixing, because its
half life is long with respect to the mixing time of near shore
waters. This final calculation resulted in an exchange time of
19.4 days for Flamengo Bay. This ages imply that exchange
times of the coastal waters across the bays are rapid, of the order
of 20 days during the summer 2002.

This work was proudly sponsored by International Atomic
Energy Agency, Research Contract n 12151. This research was
supported by Fundação deAmparo à Pesquisa no Estado de São
Paulo, grant nº 2002/07297-4.

E.S.; T.J., 1998. Observation of regeneration
of nitrate, phosphate and silicate during upwelling off
Ubatuba, Brazil, 23S. 18, 915-
922.

W.S.; T.H., 1982. .
Lamonh-Doherty Geological Observatory, Palisades, NY,
690 pp.

J.E.; W.C.; J.P.; G.,
1996. Modeling groundwater flow into the ocean based on

Rn. 144, 591-604.
, B.M.; L.B.; S.Y., 1987.

Hydrographic conditions in the continental shelf off
Ubatuba: seasonal and medium scale changes.

35(2), 135-151.
M.M., 1995. Sedimentary dynamics of the bays off

Ubatuba, State of São Paulo.
43 (2),111-122.

A.R., 1997. Marés, circulação e nível do mar na
Costa Sudeste do Brasil. Relatório Fundespa, São Paulo.

W.S., 1996. Large groundwater inputs to coastal
waters revealed by Ra enrichments. 380, 612-614.

W.S.; R., 1996. Measurement of Ra-223 and
Ra-224 in coastal waters using a delayed coincidence
counter. 101 (C1), 1321-
1329.

228 226

228 226

226

-1

226

226

226

226

228

224 223

228 226

223 224

224 223

223 224

223

224

223

224

223

228

222

226

(MOORE,

ROECKER & PENG

BRAGA, MULLER,

BROECKER, PENG,

CABLE, BURNETT, CHANTON, WEATHERLY,

CASTRO FILHO MIRANDA, MIYAO,

MAHIQUES,

MESQUITA,

MOORE,

MOORE, ARNOLD,

ACKNOWLEDGEMENTS

LITERATURE CITED

Continental Shelf Research

Tracers in the Sea

Earth Planet.Sci.Lett

Boletim do
Instituto Oceanográfico, São Paulo

Boletim do Instituto
Oceanográfico, São Paul,

Nature

Journal of Geophysical Research

.



<<
  /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


