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Abstract In order to find out the environmental impact
on the coastal zone, the composition of sediments of the
intertidal geothermal hot spring zone and adjacent area of
Playa Santispac in the pristine Bahia Concepcion (Baja
California peninsula) was studied. High concentrations of
As (13-111 mg kg~ ") and Hg (0.55-25.2 mg kg~ ') were
found in the sediments of the geothermal sources. Arsenic
and Hg concentrations decrease rapidly in the adjacent
small mangrove lagoon sediments and reach background
levels (0.7-2.6 mg kg~ ' and 6-60 pg kg~ ' respectively) in
the marine sediments collected in front of Playa Santispac.
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The biogeochemical cycles of arsenic and mercury in the
coastal environment need special attention due to the
interaction of these elements with different components of
marine ecosystems and the toxicity of high concentrations
of As and Hg to the marine biota (Clark 2001; Davis et al.
2008; Brinkmann and Rasmussen 2010). The levels of
these elements in the environment depend on the existence
and closeness of natural sources or on the intensity of
human activities (Gerlach 1981; Polyakov et al. 1992).
They can naturally appear in the areas of elevated tectonic
and volcanic activity, particularly during the discharges of
geothermal or hydrothermal fluids (Shiikawa 1983).
Important anthropogenic sources of these elements to the
marine environment are the mining and smelting activities,
especially those occurring in the coastal zone (Nriagu
1994). As an example, in the Boleo mining district (central
Baja California peninsula) the coastal marine sediment
composition is strongly influenced by Hg—containing
material, carried by arroyos of the drainage basin (Kot et al.
2009). In the Magdalena Bay, on the western part of Baja
California peninsula, arsenic is introduced to the sediments
from Puerto San Carlos harbor discharges, out washed
fertilizers from the adjacent agricultural fields, as well as
from the eroded material of local phosfatic deposits (Shu-
milin et al. 2005). Extremely high levels of As are also
reported for solid wastes and arroyo bed sediments from
the drainage basins of the El Triunfo-San Antonio mining
district (southern Baja California peninsula) as a conse-
quence of the mining and smelting of sulfidic ores during
gold, silver and lead extraction which occurred there for
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almost two centuries (Carrillo-Chavez et al. 2000). How-
ever, in Bahia Concepcion, As and Hg are supplied to the
pristine environment (mangroves, lagoon and adjacent
Santispac Bight) by natural sources, such as intertidal
geothermal hot spring waters, highly enriched in both
elements and some other components (Prol-Ledesma et al.
2004). The origin of these geothermal springs presumably
is the result of the action of the tectonically active El
Requesodn fault system and the weathering of the host rocks
during crustal circulation of a mixture of ground water and
sea water near heat sources (McFall 1968; Villanueva-
Estrada 2007). The affected sediments and solid deposits of
these intertidal geothermal springs are constituted by
aggregates of opal, calcite, barite and Ba-rich Mn oxides,
covered by silica-carbonate stromatolitic sinters (Camprubi
et al. 2008). The sediments of the geothermal springs and
the adjacent marine environment presumably may be nat-
urally contaminated by As, Hg and some other elements,
adsorbed or coprecipitated by freshly formed Mn and Fe
oxyhydroxides or strongly hydrated silica (Canet et al.
2005). The objective of this study is to characterize the
elemental composition of the surface sediments collected
in the hot spring discharge points and adjacent area of
Playa Santispac, in the northwestern part of Bahia Con-
cepcion, with emphasis on As and Hg as potential natural
contaminants of mangroves and their adjacent marine
ecosystem, as well as Santispac Bight itself, actively used
by tourists as an all seasons recreation area.

Materials and Methods

Bahia Concepcidn is located in the Baja California pen-
insula, Mexico (Fig. 1). Three principal geothermal hot
springs are located several meters above the mangrove
lagoon near Playa Santispac, Bahia Concepcion embay-
ment. The temperature of the spring water varied in the
range of 39-56°C and the pH values were between 6.9 and
7.3. Three samples of spring sediments, one sample of the
crust wall of the second spring, four sediment samples of
the mangrove lagoon and 19 marine sediment samples

Fig. 1 Location of study area
and sampling stations of
surficial sediments

26. 76N

were collected in the study area directly or by scuba diving.
The sampling stations are shown in Fig. 1. The sediment
samples were put into pre-cleaned polyethylene bags and
were stored in the freezer until treatment. They were de-
frozen, dried at 60°C, homogenized and split in subsam-
ples. For the determination of arsenic about 0.2 g of
sediment sample was extracted with a mixture of 5 ml of
33% H,0, and 15 ml of Analar grade 14 M HNOj; in a
water bath (60°C) for 5 h. After acid treatment, the solu-
tions were filtered and diluted with 2 M HCl to 100 ml. An
aliquot of the solution was pre-reduced with potassium
iodide during 3 h for As analysis. The final KI concentra-
tion in the analyzed solutions was 10%. Arsenic was
measured by flame atomic absorption spectrophotometry
coupled with a hydride generator using 1% NaBH, with
0.1 M NaOH and 2 M HCI. All samples were analyzed in
triplicate. Coefficients of variation for all triplicates were
<6%. The detection limit for As was 25 ug kg~ '. For
mercury determination about 0.5 g of each sediment sub-
samples were placed in 125-ml digestion flasks, and 15 ml
of a mixture (1:3) of concentrated nitric and sulfuric acids,
together with 2 ml of concentrated perchloric acid were
slowly added into each flask. These sediment-acid mixtures
were left overnight and then digested at 120°C for 3 hin a
block digester. After cooling, the flask solutions were fil-
tered through Whatman # 44 filter paper, and the volume of
the filtrates was adjusted in the 50 ml volumetric flasks
using Milli-Q water. Total mercury concentrations were
measured using a cold vapor system, coupled with an
atomic absorption spectrophotometer (GBC 932AA). Each
sample was analyzed three times, and the mean value was
calculated. Maximum values of relative standard deviation
(RSD) of individual samples were less than 4%. The
detection limit for Hg in the sediments was 5 pg kg~ '. The
accuracy of all analyses was ensured by digestion and
analysis of PACS-2 and MESS-3 sediment Certified Ref-
erence Materials (National Research Council of Canada).
Results obtained from these analyses were in agreement
(£5%) with the certified values. Barium, iron, scandium
and uranium content in sedimentary material were deter-
mined by instrumental neutron activation analysis. The
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detection limits for this method were 80 mg kg~' (Ba),
100 mg kg™' (Fe), 0.05 mg kg™' (Sc) and 0.2 mg kg™'
(U). Copper, manganese, nickel, and zinc contents were
measured after complete strong acid digestion of the sed-
iments by a flame atomic absorption spectrophotometer
“Quantum-2A” (flame: air-acetylene) at the analytical
laboratory of P.P. Shirshov Institute of Oceanology of the
Russian Academy of Sciences. The detection limits in these
analyses were 0.2 mg kg~' (Cu), 0.6 mg kg~' (Mn and
Ni) and 0.1 mg kg_1 (Zn). Total and inorganic carbon
contents were measured with total carbon analyzers TOC-
VCPH (Combustion catalytic oxidation INDR method,
PC-controlled, high-sensitivity model). Marine sediment
samples were pulverized, dried, pre-treated with phospho-
ric acid, pH-adjusted to 2 or less and followed by a Ce,
content measurement. The total carbon (TC) was deter-
mined directly in the analyzer without chemical pre-treat-
ment. The inorganic carbon content was calculated by
difference between TC and C,,.

Results and Discussion

The trace element concentrations, inorganic carbon,
organic carbon, major elements and carbonates in Santi-
spac Bight’s sediments: range underlined; average £ S. D.
are shown in Table 1 and they were compared with upper
crust average abundances (Wedepohl 1995). The contents

of As and Hg in the sediments of the geothermal springs
are the highest in all the dataset, exceeding their earth’s
crust average abundances. This could be due to the ele-
vated concentrations of As and Hg in the geothermal fluids
(280 mg kg~ and 24 pg kg~', respectively) (Prol-Led-
esma et al. 2004). The sediments of the geothermal springs
are quite terrigenous with 9.1 mg kg~' of Sc, while the
lagoon’s and Santispac Bight’s sediments show lower
average concentration of this element (1.8 and
2.4 mg kg~ ') respectively (Table 1).

The adjacent to geothermal hot springs sediments are
predominantly biogenic with the range of 67.5-90.7% of
CaCOj; for the mangrove lagoon sediments and the range
of 62.2 to 94.3% of CaCOj; estimated from the determi-
nations of inorganic carbon. However, for the third hot
spring source sediments, which are constituted mainly by
amorphous strongly hydrated freshly precipitated amor-
phous authigenic silica, have low contents of CaCOj;
(4.9%). On the other hand, the levels of organic carbon in
these sediments (averaging 1.5%) are slightly higher than
that the adjacent sediments with 1% of mean value for
lagoon mangrove sediments and 0.6% for Santispac Bight
sediments. The geothermal hot spring sediments have high
concentrations of major components, principally MnO,
Fe;O3 and Al,Oj (Table 1). Furthermore, the high contri-
bution of SiO, (50% on average) is remarkable because its
content is eight times higher than the found for the sedi-
ments of the adjacent to geothermal hot spring area

Table 1 Contents of trace

7 Elements Geothermal hot Mangrove Santispac Upper crust
elements (mg kg™") except Hg springs Lagoon Bight average abundance
(ug kg™, inorganic carbon, pring £ £ £
organic carbon, major elements As 13-111 0.7-2.8 0.5-4 2.0
and carbonates (%) in Santispac -
area sediments: range 74 £ 53 L5+1 L4 £1
underlined; average + S. D. Hg 549-25200 14.8-233 6-60 56
(below) 11130 £ 12700 83 £ 95 19+ 14

Mn 460-9120 102-255 31-125 527
4027 + 4527 173 + 67 70 £+ 27

Sc 7.7-11 0.8-2.8 0.5-5.7 7
942 1.8 £0.8 24+ 1.6

Cinorg 0.6-10.2 8.1-10.9 8.1-11.3
446 10 £ 1 10 £ 11

Corg 0.3-2.2 0.02-2.3 0.01-4
1.5+ 1.1 1+09 0.6 £0.9

CaCOs 4.9-85.2 67.5-90.7 67.2-94.3
31.8 £ 46.2 80 £+ 10 81 +£9

Al,O3 1.6-10.6 0.9-2.6 0.5-3.4 14
6.6 £ 3.7 1.7+ 0.8 1.8 £ 1.0

SiO, 39.2-56.1 3.1-12.3 1.6-10.4 64.9
50 + 8 7+4 57 +32

Fe,03 0.84.3 0.4-1.2 0.2-1.5 4.3
27+ 1.5 0.7 £ 0.3 0.8 £0.5
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Fig. 2 Spatial distribution of
the concentration of As

(mg kg™") in the sediments of
geothermal hot springs and
Santispac area’s sediments
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(Table 1). Arsenic displays elevated contents in the sedi-
ments of the geothermal springs (13.4-111.2 mg kg™ "),
low levels in the sediments of the mangrove lagoon
(0.7-2.6 mg kg~") and somewhat lower contents in the
marine sediments of the zone adjacent to Playa Santispac
(0.5-4 mg kg~ ") (Fig. 2). The spatial distribution of mer-
cury (Fig. 3) shows that the sediments of the geothermal
springs of the mangroves of Playa Santispac are strongly
enriched in Hg (0.55-25.2 mg kg~ "). The concentrations
of this element decrease rapidly in the sediments of the
mangrove lagoon (14.8-233 ug kg™') and vary in the
range of 6-60 pg kg~ ' in the marine sediments.

The geothermal hot springs located in Playa Santispac are
important sources of As and Hg for the sediments of the
mangrove lagoon and the adjacent part of Bahia Concep-
cion. However, due to the decrease of temperature and/or
oxygenated sea water conditions these elements are rapidly
incorporated in the solid phase near to hot springs, probably
into the freshly forming Mn-oxides and silica (Canet et al.
2005). Elevated manganese contents (9,120 mg kg_1 and
2,500 mg kg ') were found in the sediments of the second
and third geothermal springs, only 460 mg kg™ in the first
geothermal spring, decreasing till 106-255 mg kg~ ' in the
sediments of the mangrove lagoon and lower contents of
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31-125 mg kg~ ' in the marine sediments, collected in the
Bahia Concepcidn in front of Playa Santispac. Even thought,
the crust of the wall of the second geothermal spring on
the mangrove area of Playa Santispac is characterized by
very high contents of Mn (10.35%), As (637 mg kg™ ")
and others components if compare with their upper crust
average abundances, with the sediments of the proper hot
spring and with the surficial sediments of the studied area
(Tables 1 and 2).

Table 2 Crust wall composition of second spring (mg kg_l), except
Fe and Mn (%)

Element Crust wall Upper crust average abundance®
As 635 2.0

Ba 840 668

Cu 52 14.3

Fe 0.74 3.08

Hg 60.3 0.056

Mn 10.35 0.0527

Ni 7.5 18.6

U 4.65 2.5

Zn 21.8 52

? Average values for upper continental crust (Wedepohl 1995)
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These hot geothermal springs are probably affecting the
marine ecosystem of the adjacent part of Bahia Concep-
cion. However, the evaluation of the accumulation of As
and Hg in the marine biota and the effects on edible marine
organisms is necessary in this area for further biogeo-
chemical and ecotoxicological studies.

References

Brinkmann L, Rasmussen JB (2010) High levels of mercury in biota
of a new Prairie irrigation reservoir with a simplified food web in
Southern Alberta, Canada. Hidrobiologia 641:11-21

Camprubi A, Canet C, Rodriguez-Diaz AA, Prol-Ledesma RM,
Blanco-Florido D, Villanueva RE, Lopez-Sanchez A (2008)
Geology, ore deposits and hydrothermal venting in Bahia
Concepcion, Baja California Sur, México. Isl Arc 17:6-25

Canet C, Prol-Ledesma RM, Proenza JA, Rubio Ramos MA, Forrest
M]J, Torres Vera MA, Rodriguez Diaz AA (2005) Mn-Ba-Hg
mineralization at shallow submarine hydrothermal vents in
Bahia Concepcién, Baja California Sur, Mexico. Chem Geol
224:96-112

Carrillo-Chavez A, Drever JI, Martinez M (2000) Arsenic content and
groundwater geochemistry of the San Antonio-El Triunfo,
Carrizal and Los Planes aquifers in southernmost Baja California,
Mexico. Environ Geol 39:1295-1303

Clark RB (2001) Marine pollution, 5th edn. Oxford University Press,
New York

Davis JA, Greenfield BK, Ichikawa G, Stephenson M (2008) Mercury
in sport fish from Sacramento—San Joaquin Delta region,
California, USA. Sci Total Environ 391:66-75

Gerlach SA (1981) Marine pollution: diagnosis and therary. Springer,
Berlin

Kot F, Shumilin E, Rodriguez Figueroa GM, Mirlean N (2009)
Mercury dispersal to arroyo and coastal sediments from aban-
doned copper mine operations, El Boleo, Baja California. Bull
Environ Contam Toxicol 82:20-25

McFall CC (1968) Reconnaissance geology of Concepcion Bay area,
Baja California, Mexico. Stanford Univ Publ Geol Sci 10:1-25

Nriagu JO (1994) Mercury pollution from the past mining of gold and
silver in the Americas. Sci Total Environ 149:167-181

Polyakov DM, Virtsavs M, Kozlova SI, Lobanov AA, Zadonskaya
TA, Shumilin E (1992) Mercury content in components of the
ecosystem of the Gulf of Peter the Great. Vodn Resur 5:484-490

Prol-Ledesma RM, Canet C, Torres-Vera MA, Forrest MJ, Armienta
MA (2004) Vent fluid chemistry in Bahia Concepcién coastal
submarine hydrothermal system, Baja California Sur, Mexico.
J Volcanol Geotherm Res 137:311-328

Shiikawa M (1983) The role of mercury, arsenic and boron as
pathfinder elements in geochemical exploration for geothermal
energy. J Geochem Explor 19:337-338

Shumilin E, Rodriguez Meza GD, Sapozhnikov D, Lutsarev S,
Murillo de Nava J (2005) Arsenic concentrations in the surface
sediments of the Magdalena-Almejas lagoon complex, Baja
California Peninsula Mexico. Bull Environ Contam Toxicol
74:493-500

Villanueva-Estrada RE (2007) Procesos geoquimicos en las manifes-
taciones hidrotermales ubicadas en zonas intermareales y
submarinas de las costas de Bahia Concepcion (Baja California
Sur) y Punta Mita (Nayarit). PhD Thesis, Instituto de Geofisica,
Universidad Nacional Auténoma de México, México, DF (in
Spanish)

Wedepohl KH (1995) The composition of the continental crust.
Geochim Cosmochim Acta 59:1217-1232

@ Springer



	Arsenic and Mercury Contamination of Sediments of Geothermal Springs, Mangrove Lagoon and the Santispac Bight, Bahía Concepción, Baja California Peninsula
	Abstract
	Materials and Methods
	Results and Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


