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Abstract Rates of biosorption of cadmium and copper
ions by nonliving biomass of the brown macroalga
Sargassum sinicola under saline conditions were
studied. Batch experiments show that the ability to
remove cadmium is significantly diminished (from
81.8% to 5.8%), while the ability to remove copper
remains high (from 89% to 80%) at a range of salinity
from 0 to 40 psu. Maximum capacity of biosorption at
35 psu was 3.44 mg g−1 for cadmium and 116 mg g−1

for copper. The presence of salt did not significantly
affect the rate of biosorption, which was about 90% of
saturation in 60 min for both metals. There is an
antagonistic effect on biosorption when both metals
are present in the solution.
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1 Introduction

On the borders of the Gulf of California, human ac-
tivities have resulted in greatly increased pollutants
discharged into coastal waters. Among the sources of
pollution are copper mining at Santa Rosalia and

phosphorite mining near La Paz on the eastern shore
of the Baja California Peninsula, adding copper and
cadmium to sediments and organisms in these areas
(Shumilin et al. 2000; Rodríguez-Figueroa et al. 2008;
Méndez et al. 2006).

The effects of heavy metals on functions of eco-
systems vary considerably and are of concern to the
economy and public health (Cañizares-Villanueva
2000). In cases, governments may consider it neces-
sary to remove some pollutants from the ecosystem;
however, the economic cost of treatment may be very
high, based on volume, concentration of metals, and
salinity of wastewaters, making it impossible to use
conventional technologies, such as precipitation and
sludge separation, chemical oxidation or reduction, ion
exchange, reverse osmosis, electrochemical treatment,
and evaporation. In the last two decades, biosorption
has drawn attention because of its low cost, sometimes
high efficiency, and minimization of chemical or bio-
logical sludge. According to Gadd (2008), biosorption
may be simply defined as the removal of substances
(including heavy metals) from solution by biological
material (biosorbent): It is a property of both living and
dead organisms (and their components). Biosorbents
exhibit this property, acting just as a chemical sub-
stance, as ion exchanger of biological origin. Besides,
biosorbents may be reused and the metals may be
recovered (Kratochivil and Volesky 1998; Lodeiro et al.
2004). Among the biosorbents are some species of the
brown algae Sargassum that have proved to be a highly
effective biosorbent because of their capacity to remove
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high metals at a relatively rapid rate (Schiewer and
Volesky 1999; Davis et al. 2000; Lodeiro et al. 2004).

In the Gulf of California, the genus Sargassum is
an untapped resource that could be used for treating
effluents from mining activity. This brown macroalga
showed a tendency to incorporate higher concentrations
of elements from marine environments than red and
green algae present in the region (Sánchez-Rodríguez et
al. 2001; Huerta-Diaz et al. 2007). Moreover, on the
eastern coast of the Baja California Peninsula, the
biomass of Sargassum was estimated around 180,000 t;
besides, at present, there is technology to harvest, dry,
and mill this seaweed (Casas-Valdez 2009). Determin-
ing the removal efficiency of metals under common
conditions of production of these effluents, including
high salinity, could have a positive economic and eco-
logical value. Currently, very few studies focused on
biosorption performance under saline conditions. The
objective of this study was to determine whether dried
seaweed Sargassum sinicola could remove copper and
cadmium in seawater and parameters that influence the
rate of biosorption.

2 Materials and Methods

2.1 Biomass and Treatment

Fresh samples of the brown marine macroalga S.
sinicola were collected from rocky seashores near San
Carlos, Nuevo Guaymas, Sonora, Mexico (27°57′ N,
111°01′ W). The material was rinsed with freshwater
to remove external salt and sand. Pretreatment of the
biomass involved: A sample of 100 g of the macroalga
was treated with 0.2 M H2SO4 and NaOH 0.2 M
solutions (1 L) for 1 h with slow stirring, with the
purpose of removing divalent ions present in the native
alga and replacing them with sodium ions (which can
be easily displaced by metal ions); the biomass was
then washed several times with deionized water to
remove excess of solutions. The samples were then
dried to a constant weight and roughly chopped
(particle size 0.2–0.5 mm) and stored in polyethylene
bottles until they need to be used.

2.2 General Procedure

A 50-mL volume of metallic solution was placed in a
propylene tube containing 0.5 g of treated macroalga.

The mixtures were stirred in an orbital shaker at
100 rpm for 24 h. The algal biomass was then filtered
through a 400-μm pore size nylon mesh filter. The
filtrates were analyzed for concentrations of cadmium
and copper ions with an atomic absorption spectro-
photometer (Avanta, GBC Scientific Equipment, Mel-
bourne, Australia). All experiments were performed in
triplicate.

2.3 Effect of Salinity

To predict biosorption performance in marine envi-
ronments, chloride salts (analytical grade) of the two
metals were used to prepare standard solutions of cop-
per (Cu2+) and cadmium (Cd2+) by molecular weight
calculation. This provided single metal ion solutions at
concentrations of 30 mg L−1 in water at several sa-
linities (0, 5, 10, 15, 20, 25, 30, 35, and 40 psu). We
proceeded with the assay as described in Section 2.2.

2.4 Equilibrium Time

To determine equilibrium time for each ion species,
solutions of Cd2+ 2 mg L−1 and Cu2+ 30 mg L−1 were
prepared in seawater at 35 psu. We proceeded with the
assay as described in Section 2.2. Samples of solutions
were taken at fixed time intervals (15, 30, 45, 60, 75,
and 90 min) for cadmium and copper concentration
analyses.

2.5 Equilibrium Studies

To compare biosorption rates between the ion species,
the results from Langmuir adsorption equations were
plotted. For this, single metal ion solutions of each
metal were prepared at concentrations of 2, 4, 8, 16,
32, 64, 128, and 256 mg L−1 by dissolving chloride
salts (analytical grade) in seawater at 35 psu. We
proceeded with the assay as described in Section 2.2.

For confirmation of metals present in the algal
biomass following the biosorption process, the metal
mass balance was also assayed by analyzing the
biomass for metal content. For extraction, the biomass
was collected from filters, dried at 50°C for 16 h, and
then digested in HNO3. Water was added to the
resulting solutions until reaching 50 mL. The same
digestion procedure was performed for native biomass
to determine the basal value of the procedures; the
results showed negligible contamination.
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2.6 Competition in Metal Ion Uptake

To study the effect of competing ions on the sorption
of Cu2+ and Cd2+, a solution of eight Cd2+ and Cu2+

simultaneous metals at several concentrations (2, 4, 8,
16, 32, 64, 128, and 256 mg L−1) was prepared by
dissolving chloride salts (analytical grade) in seawater
at 35 psu. We proceeded with the assay as described in
Section 2.2.

2.7 Data Analysis

Metal uptake (q) was determined as follows:

q ¼ V Ci � Cf

� �� �
S�1; ð1Þ

where q (milligrams per gram) is the amount of metal
ions adsorbed on the biosorbent, V (liters) is the
volume of metal-containing solution in contact with
the biosorbent, Ci and Cf (milligrams per liter) are the
initial and equilibrium (residual) concentrations of
metal ions in the solution, respectively, and S (grams)
is the amount of added biosorbent on a dry weight
(grams) basis.

The Langmuir adsorption model was used for
estimatingmaximummetal adsorption by the biosorbent.
The Langmuir adsorption isotherm can be expressed as:

q ¼ qmax � b� Cfð Þ 1þ b� Cf½ �ð Þ�1; ð2Þ
where b is a constant related to the adsorption/
desorption energy, qmax is the maximum biosorption
upon complete saturation of the surface, and Cf is the
equilibrium concentration, as defined in the previous
paragraph.

3 Results and Discussion

3.1 Effect of Salinity

The ability of the S. sinicola biomass to remove cad-
mium is significantly diminished with increasing
salinity, ranging from 81.8% at 0 psu to 5.8% at
40 psu (Fig. 1). The results are explained by the
chemical speciation of metal ions in the solution; the
fraction of uncomplexed Cd2+ decreases from 92.2%
in river water to 4.4% in seawater by the strong
chloride complex (Pivovarov 2003), which is reflected
in the rapid decline in the biomass to remove
cadmium. The same effect was reported by Dönmez

and Aksu (2002); they found that the efficiency of chro-
mium (VI) removal by Dunaliella sp. decreases when
salt concentration increased from 0% to 20% (w/v).

The ability of the S. sinicola biomass to remove
copper is slightly affected by increased salinity, ranging
from 89% to 80%. These results are consistent with the
report by Kaewsarn (2002), who found that the effi-
ciency of copper removal on treated Padina sp. bio-
mass is not significantly altered by the presence of Ca,
Mg, Na, or K ions. Again, chemical speciation of the
copper ion is explained because it does not form
complexes with chloride ion, allowing a greater fraction
of free copper ion to be adsorbed by the macroalga
biomass. In this case, the slight decrease in copper
removal can be attributed to complexing of copper with
sulfates and carbonates in seawater (Pivovarov 2003).

Similar differences in the effect of salinity in bio-
sorption of different metals was observed by Yun et
al. (2001) who found that the ability to remove
chromium and vanadium by treated crab shell in the
presence of salt (NaCl) is diminished and that the
effect of the concentration of salt on removing
vanadium was far less than on removing chromium.
This suggests that the ability of the chloride ion to
form complexes with certain metal ions is the main
interference in biosorption under saline conditions.

3.2 Equilibrium Time

We found 66% saturation after 15 min of processing
with the treated alga (Fig. 2) and 90% saturation in
slightly more than 1 h for both metals. Sheng et al.
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Fig. 1 Effect of increasing salinity on the ability of ion
removal by S. sinicola
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(2004) reported that 90% of the total sorption of Pb,
Cu, Cd, Zn, and Ni by Sargassum sp. is reached in
60 min, and Antunes et al. (2003) reported the rapid
removal of copper (Cu2+) during the first 10 min by
Sargassum sp. in freshwater.

Several reports indicate that biosorption during the
first 2 h of exposure to metal ions is very fast, attributed
to surface anion exchange; this is followed by slow
absorption, which is attributed to diffusion of ions into
cell structures (Volesky and Holan 1995; Stirk and Van
Staden 2000). In our study, the elapsed time for
removing the two metals is short; this is especially
important because it indicates that the presence of salt
does not significantly affect the speed of biosorption.

3.3 Equilibrium Studies

Under saline conditions (35 psu), the maximum capacity
of biosorption (qmax) for cadmium, according to the
Langmuir adsorption isotherm, was 3.44 mg g−1 with
the b constant of 0.01; experimental and estimated data
obtained using Langmuir equation are shown in Fig. 3.
By contrast, Volesky et al. (1999) reported that qmax=
80 mg g−1 for Sargassum fluitans, and Holan et al.
(1993) reported that qmax=215 mg g−1 for Ascophyllum
nodosum, values which are much higher than that
found in this work; however, these high qmax values
were obtained by bioassays without salt interference.

Under the same saline conditions, the maximum
capacity of biosorption for copper was qmax=
116 mg g−1 with the b constant of 0.004, which is
higher than the qmax value reported for other species of
Sargassum; Fig. 4 shows copper biosorption isotherms

by S. sinicola; Volesky et al. (1999) reported that qmax=
59, 51, and 56 mg g−1 for Sargassum vulgare, S.
fluitans, and Sargassum filipendula, respectively, when
using freshwater.

Brierley et al. (1986) suggested that competing
with existing technologies for the removal of heavy
metals in freshwater, the efficiency of removal of a
biomass has to be greater than 99% and the ability to
biosorption must be greater than 15 mg g−1. Thus, S.
sinicola would have a low capacity for biosorption of
the cadmium ion and would be inappropriate for the
removal of this metal under salt water conditions.
However, S. sinicola has a high capacity to remove
copper compared to efficiencies of other biosorbents.

0

10

20

30

40

50

60

70

80

90

100

0 10 20 30 40 50 60 70 80 90 100

t (min)

%
 s

a
tu

ra
ti
o
n

Cd

Cu

Fig. 2 Kinetics of metal biosorption by S. sinicola
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Fig. 3 Sorption isotherms for cadmium (Cd2+) in single metal
system (circle) and mixed metal system (square). Lines show
results calculated using the Langmuir model (Eq. 2)
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Fig. 4 Sorption isotherms for cadmium (Cu2+) in single metal
system (circle) and mixed metal system (square). Lines show
results calculated using the Langmuir model (Eq. 2)

200 Water Air Soil Pollut (2010) 210:197–202



3.4 Competition in Metal Ion Uptake

Biosorption of cadmium declined when mixed with
copper in solution (qmax=1.47 mg g−1 with b=0.02);
Fig. 3 shows the adsorption isotherms obtained under
conditions of single and mixed metal. There was a
reduced biosorption of copper when the solution con-
tained cadmium, qmax=37.46 mg g−1, and the affinity
of algae by copper changed to b=0.11, which was
statistically significant. Figure 4 shows the comparison
between the biosorption isotherms of copper obtained
under single and mixed metal conditions. Zhou et al.
(1998) also observed reduction of the biosorption
capacity of cadmium and copper by Laminaria
japonica and Sargassum kjellmanianum when both
metals are in the same solution. Similarly, Sheng et al.
(2007) reported that copper decreased cadmium bio-
sorption by Sargassum sp. Therefore, it appears that
there is an antagonistic effect when both metals are
present in the environment and the presence of salts
does not change this behavior.

4 Conclusion

Saline conditions affect adversely the ability S.
sinicola to remove cadmium while the ability to
remove copper is maintained. The speed of biosorp-
tion is not affected by the presence of salt, suggesting
that S. sinicola can be used as a low-cost biosorbent
to remove copper from seawater, but not as a biosor-
bent for removing cadmium.

Acknowledgments We thank Griselda Peña Armenta at
CIBNOR for laboratory assistance and Ira Fogel and Diana
Fischer for editorial improvements. This research was sup-
ported by Centro de Investigaciones Biológicas del Noroeste
(project grant PC 2.1). Mónica Patrón-Prado received a doctoral
grant fellowship from CONACYT of Mexico.

References

Antunes, W. M., Luna, A. S., Henriques, C. A., & Costa, A. C.
(2003). An evaluation of copper biosorption by brown
seaweed under optimized conditions. Electronic Journal of
Biotechnology. http://www.scielo.cl/scielo.php?script=
sci_arttext&pid=S0717-34582003000300003&lng=es&nrm=
iso. Accessed 3 Jun 2009

Brierley, J. A., Goyak, G. M., & Brierley, C. L. (1986).
Considerations for commercial use of natural products for

metals recovery. In H. Eccles & S. Hunt (Eds.), Immobi-
lization of ions by biosorption (pp. 105–117). Chichester:
Ellis Horwood.

Cañizares-Villanueva, R. O. (2000). Biosorción de metales
pesados mediante el uso de biomasa microbiana. Revista
Latinoamericana de Microbiología, 42, 131–141.

Casas-Valdez, M. (2009). El alga marina Sargassum (Sargas-
saceae) en el desarrollo regional. In: J. Urciaga-García, D.
Lluch-Belda, L. F. Beltrán-Morales (Eds.), Recursos
marinos y servicios ambientales en el desarrollo regional
(pp. 139–156). La Paz, México: CIBNOR.

Davis, T. A., Volesky, B., & Vieira, R. H. S. F. (2000).
Sargassum seaweed as biosorbent for heavy metals. Water
Research, 34, 4270–4278.

Dönmez, G., & Aksu, Z. (2002). Removal of chromium (VI)
from saline wastewaters by Dunaliella species. Process
Biochemistry, 38, 751–762.

Gadd, G. M. (2008). Biosorption: critical review of scientific
rationale, environmental importance and significance for
pollution treatment. Journal of Chemical Technology and
Biotechnology, 84, 13–28.

Holan, Z. R., Volesky, B., & Prasetyo, I. (1993). Biosorption of
Cd by biomass of marine algae. Biotechnology and
Bioengineering, 41, 819–825.

Huerta-Diaz, M. A., De León-Chavira, F., Lares, M. L., Chee-
Barragán, A., & Siqueiros-Valencia, A. (2007). Iron,
manganese and trace metal concentrations in seaweeds
from the central west coast of the Gulf of California.
Applied Geochemistry, 22, 1380–1392.

Kaewsarn, P. (2002). Biosorption of copper (II) from aqueous
solutions by pre-treated biomass of marine algae Padina
sp. Chemosphere, 47, 1081–1085.

Kratochivil, D., & Volesky, B. (1998). Biosorption of Cu from
ferruginous wastewater by algal biomass. Water Research,
32, 2760–2768.

Lodeiro, P., Cordero, B., Grille, Z., Herrero, R., & Sastre de
Vicente, M. E. (2004). Physicochemical studies of cadmium
(II) biosorption by the invasive alga in Europe, Sargassum
muticum. Biotechnology and Bioengineering, 88, 237–247.

Méndez, L., Palacios, E., Acosta, B., Monsalvo-Spencer, P., &
Alvarez-Castañeda, T. (2006). Heavy metals in the clam
Megapitaria squalida collected from wild and phosphorite
mine-impacted sites in Baja California, Mexico. Biological
Trace Element Research, 110, 275–287.

Pivovarov, S. (2003). Physico-chemical modeling of heavy
metals (zinc, cadmium, copper) in natural environments.
In A. Hubbard & P. Somasundaran (Eds.), Encyclopedia of
surface and colloid science. New York: Marcel Dekker.

Rodríguez-Figueroa, G. M., Shumilin, E., & Sanchez-Rodriguez,
I. (2008). Heavy metal pollution monitoring using the brown
seaweed Padina durvillaei in the coastal zone of the Santa
Rosalía mining region, Baja California Peninsula, Mexico.
Journal of Applied Phycology, 21, 19–26.

Sánchez-Rodríguez, I., Huerta-Diaz, M. A., Choumiline, E.,
Holguín-Quiñones, O., & Zertuche-González, J. A. (2001).
Elemental concentrations in different species of seaweed
from Loreto bay (Baja California del Sur), Mexico. Implica-
tions for the geochemical control of metals in algal tissues.
Environmental Pollution, 114, 145–160.

Schiewer, S., & Volesky, B. (1999). Advances in biosorption of
heavy metals. In M. C. Flickinger & S. W. Drew (Eds.),

Water Air Soil Pollut (2010) 210:197–202 201

http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-34582003000300003&lng=es&nrm=iso
http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-34582003000300003&lng=es&nrm=iso
http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-34582003000300003&lng=es&nrm=iso


Encyclopedia of bioprocess engineering (pp. 433–453).
New York: Wiley.

Sheng, P. X., Ting, Y. P., Chen, J. P., & Hong, L. (2004).
Sorption of lead, copper, cadmium, zinc, and nickle by
marine algal biomass: characterization of biosorptive
capacity and investigation of mechanisms. Journal Colloid
and Interface Science, 275, 131–141.

Sheng, P. X., Ting, Y. P., & Chen, J. P. (2007). Biosorption of
heavy metal ions (Pb, Cu, and Cd) from aqueous solutions
by the marine alga Sargassum sp. in single and multiple-
metal systems. Industrial & Engineering Chemistry
Research, 46, 2438–2444.

Shumilin, E. N., Rodríguez-Figueroa, G., Morton-Bermea, O.,
Lounejeva-Baturina, E., Hernández, E., & Rodríguez-Meza,
G. D. (2000). Anomalous trace element composition of
coastal sediments near the copper mining district of Santa

Rosalia, Peninsula of Baja California, Mexico. Bulletin
Environmental Contamination and Toxicology, 65, 261–268.

Stirk, W. A., & Van Staden, J. (2000). Removal of heavy metals
from solution using dried brown seaweed material.
Botanica Marina, 43, 467–473.

Volesky, B., & Holan, Z. R. (1995). Biosorption of heavy
metals. Biotechnology Progress, 11, 235–250.

Volesky, B., Weber, J., & Vieira, R. (1999). Biosorption of Cd
and Cu by different types of Sargassum biomass. Process
Metallurgy, 9, 473–482.

Yun, Y. S., Niu, H., & Volesky, B. (2001). The effect of
impurities on metal biosorption. International Biohy-
drometallurgy Symposium, Brazil, pp. 181–187.

Zhou, J. L., Huang, P. L., & Lin, R. G. (1998). Sorption and
desorption of Cu and Cd by macroalgae and microalgae.
Environmental Pollution, 101, 67–75.

202 Water Air Soil Pollut (2010) 210:197–202


	Copper and Cadmium Biosorption by Dried Seaweed Sargassum sinicola in Saline Wastewater
	Abstract
	Introduction
	Materials and Methods
	Biomass and Treatment
	General Procedure
	Effect of Salinity
	Equilibrium Time
	Equilibrium Studies
	Competition in Metal Ion Uptake
	Data Analysis

	Results and Discussion
	Effect of Salinity
	Equilibrium Time
	Equilibrium Studies
	Competition in Metal Ion Uptake

	Conclusion
	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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /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 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


