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Introduction

San Francisco Bay is a complex ecosystem that is under much stress due to the vast
industrial, agricultural and municipal activities around the Bay and along the rivers that
discharge into it. Heavy metals that are released into the ecosystem are of particular concern
because of their toxicity to wildlife and the subsequent effects on humans. Mercury (Hg) is a
heavy metal pollutant that is known to be highly toxic, although its effects on San Francisco
Bay are not yet well understood. The toxicological impact of mercury on sensitive
ecosystems, such as the wetlands around the Bay, is of special significance.

Wetlands extend along the shore of most parts of San Francisco Bay (Fig. 1) and support a
wide variety of species. Elevated concentrations of heavy metals can perturb the ecological
equilibrium of the wetlands by accumulating in organisms populating the wetlands (Kennish,
1992). A change in the balance of these areas can lead to long-term changes in the whole
Bay ecosystem.

In order to evaluate the importance of mercury contamination in San Francisco Bay, it is
important to consider two variables, total mercury content and rates of transformation
between the different species of mercury, for which analysis of sediments in or near sensitive
areas is a useful technique. Considering the higher toxicity of organic mercury than
elemental mercury, | can use the results from experiments conducted under laboratory
conditions regarding the chemical speciation of mercury by Compeau and Bartha (1984) to
evaluate where in San Francisco Bay and under what conditions the concentration of organic
mercury might be highest, and therefore might have the most severe effects on the
ecosystem.

Using this information, along with measurements of mercury levels in sediment cores from
the Bay, | can determine the geographic regions of San Francisco Bay where the rate of
transformation from inorganic to organic mercury (methylation) is potentially the highest.
These are the areas that are most endangered by the mercury pollution.



Carquinez
Bridge

\

San Pab,O Bay

Benicia

Bridge
Sites:
1. San Mateo Bridge
2. Richardson Bay
3. Grizzly Bay
4. Pittsburg
. Seasonal Wetlands/Marshes
% Salt Ponds
0 Miles P
E5~B.y Bridge 0 Kilometers 10
Golden =
Brcae
)
s")
(= <
o .,
3 7
o )

pacific
..l..l':ll-:'

slvlely]

San Mateo Bridge

L
Dumbarton Bridge
: S CC(

Figure 1.
1995).

Wetlands of San Francisco Bay and sites of sediment sampling (based on Bain,




Past Studies

Most studies on heavy metals in San Francisco Bay usually focus on trace elements that are
found in high concentrations, such as copper and zinc. Mercury, on the other hand, has been
analyzed to a lesser extent because of the low concentrations of mercury in the ecosystem
and the difficult analytical procedure (Taylor, 1994, pers. comm.). Luoma and Philips (1988)
studied the distribution and fate of various trace metals, including mercury, in San Francisco
Bay. They linked high metal concentrations to anthropogenic inputs, but they did not assess
the broad-scale effect of metal pollution on the ecosystem. Gunther and others (1987)
identified major sources of heavy metals in San Francisco Bay and determined the extent of
inputs for different trace metals. The largest amounts enter the Bay from the Sacramento-
San Joaquin River systems, although deposition of dredged sediments in the northern part of
the Estuary is also of concern.

Other studies have assessed heavy metals in Bay Area wetlands. In 1992 the San Francisco
Regional Water Quality Control Board (RWQCB) conducted a pilot study on critical habitats
surrounding the Bay to determine whether there were regions with exceptionally high levels
of contamination in the marshes, creeks and mudflats (Taberski et al., 1992). They studied
bioaccumulation of mercury in oysters and mussels to compare mercury levels in organisms
from different regions of the Bay. The RWQCB set maximum tolerable concentrations of
trace metal contamination for sediments used in wetland restoration in the Bay Area
(Wolfenden and Carlin, 1992). Sediments used for other purposes than wetland restoration
may contain more mercury. Depending on the use of the sediments, the threshold level of
mercury content may vary by about two orders of magnitude.

Background

Mercury is a silver-colored heavy metal that is liquid under standard conditions. Its molecular
mass is 200.61 grams per mole (Miall, 1961), and its density is 13.6 grams per cubic
centimeter. Mercury can occur in an inorganic form or as complex organic compounds.

Chemical Transformations of Mercury: In the environment mercury is readily converted
from its inorganic form to the more toxic organic compounds (Fig. 2). Mercury compounds
are especially chemically complex in aquatic ecosystems (Boudou and Ribeyre, 1983).
Methylmercury is the most toxic compound because of its high stability and solubility in
organic solutions (Beijer and Jernelov, 1979). Its ionic character enables methylmercury to
penetrate membranes of organisms and accumulate in their fatty tissue.

Effects of Mercury on Organisms: Mercury has very toxic effects on both plants and
animals. The organic compounds of mercury, including methylmercury, are more toxic than
the inorganic compounds (Eisler, 1987). Lethal concentrations of total mercury for mammals
are 0.1 to 0.5ppmw (parts per million by weight) daily dose and 1.0 to 5.0ppmw dietary
intake. These levels vary because different animals have different ways of processing the
accumulated mercury metabolically. Sublethal doses in organisms impact the nervous
system, inducing apathy, loss of coordination of movements, and brain damage (Armstrong,
1979; Hudson et al., 1984; Clarkson and Marsh; 1982).

Effects of metal-induced stress on organisms inhabiting the aquatic ecosystems of the Bay
are apparent in the most contaminated sites (Kennish, 1992). However, although symptoms
of mercury poisoning occur in certain benthic species, it does not mean that this trend can be
generalized for other species (Luoma and Philips, 1988). The difficulty of generalizing the
response of organisms to mercury surfaces with oysters and mussels from different regions
of the Bay (Taberski et al., 1992). Significant differences occur in the amount of mercury
accumulated in benthic species between populations that were exposed to high
concentrations of mercury from polluted sites in the Bay and control populations that were
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not exposed to mercury. Tests were conducted to determine variations of mercury uptake
over space and time. However, there were no apparent trends governing the distribution of
mercury accumulation with respect to the variables studied.
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Figure 2. Transformations of mercury in the environment (adapted from Eisler, 1987).

Source Input (kg/day)
Municipal and industrial point sources 0.8
Urban runoff 0.2
River systems 3.0

Table 1. Input of mercury to San Francisco Bay from various sources (Gunther et al., 1987).

Sources of Mercury in San Francisco Bay: Gunther and others (1987) identify the mercury
that is transported through the Sacramento-San Joaquin river system as the most important
source of mercury in San Francisco Bay. Input from other sources is of less importance (Tab.
1). The larger inputs from the rivers are a result of mining operations along the Sacramento
and San Joaquin rivers (Kinkel et al., 1956).

Direct releases of large amounts of mercury still have an influence on concentrations in
areas downstream of the mercury additions, but it is not yet clear whether present inputs to
the Estuary exceed the historic levels (Luoma and Philips, 1988). Background concentrations
of mercury are about 0.05ppmw in San Francisco Bay (Hornberger, 1995, pers. comm.).
These are mercury concentrations found in areas in which anthropogenic additions can be
ruled out. Background concentrations are part of the undisturbed natural environment, which
contains heavy metal concentrations that are not considered to be dangerous.



Environmental Standards for Mercury: It is important to maintain mercury contamination in
sediments at the lowest possible level and to minimize exposure of organisms. The RWQCB
has established the maximum allowed concentrations for sediments depending on their use
(Wolfenden and Carlin, 1992). Sediments used for wetland creation as cover may not exceed
0.35ppmw mercury concentration. For non-cover use the concentration may not be higher
than 1.3ppmw. On the other hand, sediments exceeding 40ppmw must be disposed of in an
appropriate landfill. To put these limits into perspective, Wolfenden and Carlin (1992) also
determined mean concentrations of mercury contamination in different areas (Tab. 2).

Area Mean (ppmw) Range (ppmw)
Western United States 0.065 <0.01-46
Coterminous United States 0.089 <0.01-46
San Francisco Bay Basins 0.45 <0.01-46

Table 2. Levels of mercury in sediments in the United States and San Francisco Bay
(Wolfenden and Carlin, 1992).

Redox potential Salinity Effect on methylation rate
low (-220 mV low (0.4%) highest methylation rate

low (-220 mV) high (2.5%) methylation rate 38% lower
high (+110 mV) low (0.4%) sharply reduced rate
high (+110 mV) high (2.5%) lowest methylation rate

Table 3. Variation of mercury methylation with salinity and redox potential (Compeau and
Bartha, 1984).

Redox potential (mV) Salinity (%) Removal of methylmercury (%)
-220 0.4 25
-220 2.5 55
+110 2.5 60
+110 0.4 65

Table 4. Demethylation of 1 ppm monomethylmercuric chloride in relation to redox potential
and salinity (Compeau and Bartha, 1984).

Influence of Salinity and Redox Potential on Methylation of Mercury: Compeau and
Bartha (1984) simulated the processes in wetlands that are important in methylation and
demethylation of mercury at pH = 6.8, the natural pH of salt marsh wetlands, under
conditions of varying redox potential and salinity. They found that mercury is most readily
transformed to its most toxic form if the salinity and the redox potential of the system are low
(Tab. 3). Increased amounts of sea water, on the other hand, suppress the methylation of
elemental mercury. Mercury transforms continuously in the environment. The different
mercury species that form from a given amount of total mercury reach a dynamic equilibrium.
Continuous inflow of additional inorganic mercury results in a steady increase in the absolute
concentration of methylmercury, provided that the produced organic mercury is removed by
stream flow. Compeau and Bartha (1984) found that microbial demethylation also depends
on the above parameters. They monitored the demethylation of a fixed amount of
methylmercury over a period of seven days with no further input of methylmercury.
Demethylation is highest if the redox potential is high (Tab. 4), whereas the effect of salinity
is of less importance in this case. However, microbial demethylation does not remove all of
the accumulated organic mercury.



Influence of Oxygen Availability: In laboratory experiments Bisogni and Lawrence (1975)
found that rates of methylation of mercury were approximately twice as high under aerobic
conditions as under anaerobic conditions. However, an analysis of marine sediments from
San Francisco Bay by Olson and Cooper (1976) reveals that methylation rates are higher
and methylmercury is more persistent under anaerobic conditions. The opposing findings
suggest that the effect that oxygen availability has on the methylation rate of mercury is
influenced by another factor in San Francisco Bay. Methylation of mercury in the
environment depends on many factors that are closely interwoven. The combination of all
factors involved in mercury methylation seems to override the effect of oxygen availability on
the methylation rate under a controlled environment.

Methodology

This project consists of two separate parts. The first part deals with San Francisco Bay
specifically. Analyses of sediments from cores taken at several sites in San Francisco Bay
yield information about the distribution and speciation of mercury in the Bay. In the second
part of the project | attempted to compare the levels of mercury contamination of San
Francisco Bay wetlands with mercury concentrations in wetlands of other areas in the United
States. | contacted researchers in Washington, Georgia, Florida and Maryland. This attempt,
however, proved to be unsuccessful. No institution was able to give me any data on total
mercury content of wetlands in their area. There are hardly any monitoring programs for
mercury in estuarine wetlands. Some institutions recently have started monitoring mercury in
wetlands, but studies are not yet completed and consequently no data are available now.

Analysis of Sediment Samples: The U.S. Geological Survey (USGS) obtained samples of
San Francisco Bay sediments from a core drilled by Cal-Trans near the San Mateo Bridge. A
core near Pittsburg was drilled in 1995 for a seismic study that is being conducted by
Lawrence Berkeley Laboratory (Williams, 1995, pers. comm.). | sampled bag samples from
the San Mateo Bridge core at 15m (50ft) and 30m (100ft) below the sediment surface and
bag samples from the Pittsburg core from 22 to 23.5m (72 to 77ft), 25 to 26.5m (82 to 87ft)
and 55 to 56.5m (179 to 185ft) below the boat deck, which was 15m (49ft) above the
sediment surface. The Pittsburg samples were obtained from the top part of the respective
sedimentary layers in the recovered core. All samples taken consisted of 15 to 20g of
sediment. They were analyzed for mercury content using EPA method #7471 (Determination
of mercury in soils and sediments) by Sequoia Analytical Laboratory, Redwood City, CA.

Because mercury is present in the Bay in very low concentrations, the methods of
determining mercury levels are complicated. In order to determine small concentrations of
heavy metals, gas chromatography is not the method of choice. Accurate results are more
properly obtained by using atomic absorption. The drawback of this method is that it only
detects the total amount of mercury present in the sample, but it is unable to distinguish
between different species of mercury.

Spatial Distribution of Mercury: The information necessary to determine trends in the
spatial distribution of high organic mercury concentrations in San Francisco Bay was
obtained through library research. Using these trends and the data from the sediment
samples, | can draw conclusions about the possibility of adverse effects on the different
regions of San Francisco Bay that are related to exposure to mercury.



Data

The analysis of core samples from Pittsburg and the San Mateo Bridge shows mercury
concentrations in the sediments that are at most very slightly above the natural background
concentration of 0.05ppmw (Tab. 5). Mercury concentrations ranged from <0.01ppmw to
0.07ppmw in the Pittsburg samples and from 0.033ppmw to 0.052ppmw in the samples from
San Mateo Bridge. Increased levels of mercury occur only in the top layers of sediment
directly under the water column (Hornberger, 1995, pers. comm.). Mercury concentrations in
Richardson Bay and Grizzly Bay were determined by the USGS. Enriched concentrations
ranging from 0.2ppmw to 0.9ppmw that are significantly different from the background
concentrations are only found in the upper three feet of sediment.

Site Depth (ft) Hg concentration (ppmw)

Pittsburg 72-T77 n. d.

Pittsburg 82 - 87 0.01

Pittsburg 179 -185 0.07

San Mateo Bridge 50 0.052

San Mateo Bridge 100 0.033
Richardson Bay 0-3 0.2-04
Richardson Bay 3-5 0.05

Grizzly Bay 0-3 0.2-0.9

Grizzly Bay 3-6 0.05

Table 5. Mercury concentrations in San Francisco Bay sediments; Grizzly Bay and
Richardson Bay (data from Hornberger, 1995).

Discussion

The highest levels of total mercury in surface sediments occur in the northern areas of the
Estuary. The data indicate that peak concentrations in the northern part of the Estuary
(0.9ppmw) are much higher than those in the central area of the Bay (0.4ppmw), although
the lower end of the range is the same (0.2ppmw) in both areas. This is to be expected since
mercury is mostly added to the Bay from the riverine system (Gunther et al., 1987). Peak
concentrations should be even lower further south, e.g. near the San Mateo Bridge since
mercury is fairly immobile due to its high elemental weight and since it does not easily
disperse throughout the Bay. Inputs of mercury have increased dramatically with the
beginning of hydraulic mining (Kinkel, 1956). Mercury related to anthropogenic input can be
readily distinguished from the background concentrations. Taking the sedimentation rates at
different areas of the Bay into account, the accumulation of mercury from human activities
appears to be limited to the upper three feet of sediment.

In sediment layers that lie below the upper meter, mercury concentrations are fairly stable,
not exceeding 0.07ppmw. These concentrations are of much less danger to the environment,
not only because of the lesser extent of contamination but also because of the depth at
which they occur. Very few organisms ever get exposed to this mercury, and then the
measured concentrations do not impose an immediate danger to such organisms (Eisler,
1987). Areas with low oxygen content tend to have a higher methylation rate of mercury
(Olson and Cooper, 1976) and bottom sediments with less exposure to dissolved oxygen in
water therefore have a higher relative abundance of organic mercury. However, the danger
of exposure to the mercury is low because of the inaccessibility of the sedimentary layers.
This pattern of distribution applies to undisturbed areas. Anthropogenic activities such as
dredging can alter the pattern of mercury distribution significantly.



Areas with high total mercury concentrations are likely to produce more methylmercury.
Since the concentrations of methylmercury depend on the total availability of mercury as well
as the local conditions of the ecosystem, an assessment of consequences is very complex.
Because of the heterogeneous distribution of mercuric compounds within a given wetland
area, it is difficult to estimate the exact impact the mercury contamination has on the
surrounding area. Within a given area transformation does not only occur at the interface
between the sediments and the water column. Although mercury transformation occurs
throughout the water column, the transformation rates into the more toxic methylmercury are
higher under anaerobic conditions in lower sedimentary layers.

Mixing effects are higher in areas with larger fluxes of water, and measured concentrations of
methylmercury may not reflect the amount of mercury actually converted. Due to the large
volume of water passing from the Sacramento/San Joaquin Rivers, methylmercury
concentrations measured in San Pablo and Suisun bays are less certain than in other areas
of the Bay.

The general trend indicates that the relative amount of methylmercury should be lower in the
southern region of San Francisco Bay, where demethylation is more favored and less
methylation is likely. However, the absolute amount of mercury in sediments of the central
and southern parts of the Bay may be higher than in the North Bay because of additional
input from point sources. Examples of such areas with high contaminant input in the central
Bay are Sausalito and Alameda Naval Air Station (Luoma and Philips, 1988). The additional
input produces localized areas of high mercury contamination, but most of the mercury tends
to remain in its inorganic form because of unfavorable conditions for conversion.

Conclusion

Mercury contamination has reached significant levels in the upper sedimentary layers directly
below the water column. These concentrations can be harmful to organisms exposed to the
mercury due to long term accumulation of organic mercury. Sediments at greater depths
show hardly any mercury contamination and are no immediate danger to the ecosystems
around the Bay.

However, the actual impacts of mercury on the ecosystem of the Estuary are not well
understood. Mercury levels in sediments follow predictable patterns, but many of them have
been altered by anthropogenic activities. Further studies, especially of areas with disturbed
sedimentary profiles, are necessary in order to examine the effect of these alterations on the
formation of organic mercury.

Most of the remaining sensitive wetland areas are in the northern region of San Francisco
Bay. The uncertainties associated with methylmercury concentrations are highest in these
areas. In order to identify a prevalent trend in the distribution of the different mercury species
and to decrease the uncertainty in the data, it is necessary to obtain more samples from that
area in proximity of wetlands. With those data it is then possible to assess the actual effect of
this heavy metal on San Francisco Bay more precisely.

References

Armstrong, F.A.J., 1979, Effects of mercury compounds on fish, in: The Biogeochemistry of
Mercury in the Environment, J.O. Nriagu, ed., New York, Elsevier/North Holland
Biomedical Press, pp. 657-670.

Bain, G. Donald, Director, Geography Computing Facility, University of California Berkeley,
1995, personal communication.
8



Beijer, K., and A. Jernelov, 1979, Methylation of mercury in natural waters, in: The
Biogeochemistry of Mercury in the Environment, J.O. Nriagu, ed., New York,
Elsevier/North Holland Biomedical Press, pp. 201-210.

Bisogni, J.J., and A.W. Lawrence, 1975, Kinetics of mercury methylation in aerobic and
anaerobic aquatic environments, Journal of the Water Pollution Control Federation,
47, pp. 135-152.

Boudou, A., and F. Ribeyre, 1983, Contamination of aquatic biocenoses by mercury
compounds: an experimental toxicological approach, in: Aquatic Toxicology, J.O.
Nriagu, ed., New York, John Wiley, pp. 73-116.

Clarkson, T.W., and D.O. Marsh, 1982, Mercury toxicity in man, in: Clinical, Biochemical, and
Nutritional Aspects of Trace Elements, v. 6, A.S. Prasad, ed., New York, Alan R. Liss,
Inc., pp. 549-568.

Compeau, G., and R. Bartha, 1984, Methylation and demethylation of mercury under
controlled redox, pH, and salinity conditions, Applied and Environmental
Microbiology, 48 (6), pp. 1203-1207.

Eisler, Ronald, 1987, Mercury Hazards to Fish, Wildlife, and Invertebrates: A Synoptic
Review, Washington, D.C., U.S. Department of the Interior, 90pp.

Gunther, AJ., J.A. Davis and D.J.H. Philips, 1987, An Assessment of the Loading of Toxic
Contaminants to the San Francisco Bay-Delta, Richmond, CA, Aquatic Habitat
Institute, 330pp.

Hornberger, Michelle, Physical Scientist, U.S. Geological Survey, Menlo Park, CA, 1995,
personal communication.

Hudson, R.H., R.K. Tucker, and M.A. Haegele, 1984, Handbook of Toxicity of Pesticides to
Wildlife, Washington, D.C., U.S. Fish and Wildlife Service Resource Publication 153,
90pp.

Kennish, M.J., 1992, Ecology of Estuaries: Anthropogenic Effects, Ann Arbor, MI, CRC
press, 494pp.

Kinkel, A.R. Jr., W.E. Hall, and J.P. Albers, 1956, Geology and Base-Metal Deposits of West
Shasta Copper-Zinc District, Shasta County, California, Washington, DC, U.S.
Geological Survey Professional Paper 285, 153pp.

Luoma, S.N., and D.J.H. Philips, 1988, Distribution, variability, and impacts of trace elements
in San Francisco Bay, Marine Pollution Bulletin, 19 (9), pp. 413-425.

Miall, L. M., 1961, A New Dictionary of Chemistry, 3rd edition, Aberdeen, Longmans Green,
p. 342.

Olson, B.H., and R.C. Cooper, 1976, Comparison of aerobic and anaerobic methylation of
mercuric chloride by San Francisco Bay sediments, Water Resources, 10, pp. 113-
116.

Taberski, K., M.P. Carlin and J. Lacy, 1992, San Francisco Bay Pilot Regional Monitoring
Program 1991-1992, Summary Progress Report, Oakland, CA, Regional Water
Quality Control Board, 47pp.



Taylor, Kim, Environmental Specialist, Regional Water Quality Control Board, Oakland, CA,
1994, personal communication.

Williams, Pat, Staff Scientist, Earth Sciences Division, Lawrence Berkeley Laboratory,
Berkeley, CA, 1995, personal communication.

Wolfenden, J.D., and M.P. Carlin, 1992, Interim Sediment Screening Criteria and Testing

Requirements for Wetland Creation and Upland Beneficial Reuse, Oakland, CA,
Regional Water Quality Control Board, 19pp.

10




<<
  /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


