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Abstract Organochlorine pesticides (OCPs) contamina-
tion was assessed in marketable species, two fishes (tilapia
and catfish) and a prawn from the Lake Taabo (Cote
d’Ivoire). Lindane and endosulfan were the main contam-
inants, suggesting their current use. DDT, endrin,
heptachlor plus traces of chlordane, aldrin and fipronil were
also detected. In fishes and in prawns, enzymatic bio-
markers exhibited significant correlations with OCPs
levels, showing the feasibility of a biomonitoring. The
transfer of OCPs along the aquatic food web and their
immunosuppressive effects in human are discussed. This
preliminary study highlights that the pesticide contamina-
tion was concomitant with the increase in infectious
diseases in the bordering population of this African lake.
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In developed countries, the implementation of pollution
control programs based on aquatic wildlife, water, sedi-
ment and air quality assessments, has resulted in the
enforcement of strict regulation of the use of many sub-
stances suspected to pose risks to environmental and
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human health (PAN-Africa 2003). In Africa and other
developing regions, stocks of old and outdated pesticides
are major sources of toxic risk. According to the UN Food
and Agricultural Organization (UN-FAO 2001), over the
50,000 tons of obsolete pesticides stocked in African
countries, with 828 tons in Cote d’Ivoire, represent an
alarming risk. It is realistic to assume that these amounts
are underestimations since the suspected substances are
due to a surplus of agricultural inputs, stored under
uncontrolled conditions and used without proper safeguard
endangering the human populations and the environment.
In this context, the aim of the Africa Stockpiles Program
(ASP) is to eliminate the pesticide stocks, and to sensitize
the population to the sanitary and environmental risks by
recommending the regulation of substances already con-
trolled in developed countries (Curtis and Palmer Olsen
2004). In Cote d’Ivoire, the abuse of pesticides in agri-
cultural areas is damaging to the quality of water and,
consequently, could affect the health of aquatic organisms
and consumers. Pesticide mixtures, used for agricultural
treatments, often include some of the most poisonous
persistent organic pollutants (POPs) such as aldrin, chlor-
dane, DDT, dieldrin, endrin and heptachlor. In 2002,
Houenou (cited by Conway 2002) stated that the analysis
of fishes caught in the Lake Buyo (Cote d’Ivoire) con-
firmed the presence of chemical contaminants and clearly
showed a biomagnification process in this ecosystem.

In addition to the contamination of the Lake Taabo
trophic web, other water-related risk factors are endemic or
emerging infectious diseases (malaria or Buruli ulcer)
affecting predominantly the children. The immunological
effects of POPs are largely documented. We wonder about
a potential relationship between the recent development of
these diseases and the contamination level of components
of the food chain. The construction of hydroelectric dams
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on rivers causes an enrichment of the sediment with
nutrients and pesticides from agricultural areas in its
catchment. In the case of Lake Taabo, neither deforestation
nor cleanups of the plantation soils were carried out before
the flooding of the valley. The nutrients and the pesticides
covered by the flooding could therefore have contributed to
the water pollution and affect the components of the food
web. To explore this assumption, the present study focused
on the levels of OCPs in three aquatic species (2 fishes and
1 invertebrate) from the Lake Taabo, which is a major food
contribution for the bordering populations. While such
studies are mostly conducted in developed countries, they
are infrequent in developing countries (Berny et al. 2006).
Our main objective is to highlight the need for biomoni-
toring in such a degraded aquatic ecosystem.

Materials and Methods

The Lake Taabo (Department of Tiassalé, Cote d’Ivoire) is
located in the ‘Région des lagunes’ within the limits of the
dense forest and the savannah. It stands as an essential
halieutic resource for the local populations and the inhab-
itants of Abidjan. The catchment area of the Bandama river
covers 97,500 km? and many agricultural activities are
located alongside the river or its tributaries.

Ten tilapia, 7 catfishes and 5 prawns were collected in
June 2003 by local fishermen in the Lake Taabo. The fishes
and the prawns were stored frozen on dry ice (—80°C)
before arrival in the laboratory, where the individuals were
measured and dissected. The analyzed dry mass of the
muscle tissue was determined by oven-drying at 105°C for
24 h. The lipids were extracted with a chloroform—meth-
anol solution and then quantified gravimetrically. All the
analyses were carried out on individual samples.

The concentrations of OCPs residues were determined
in the lipids of fish muscle and in the lipids from the total
body mass of the prawns, excluding cuticle. Compounds
analyzed included isomers of hexachlorocyclohexane [o-,
f-, y-(lindane) and 6-HCH], heptachlor, heptachlor epox-
ide, «- and y-chlordane, dieldrin, aldrin, endrin and endrin
aldehyde, dichloro-diphenyl-trichloroethane (pp’-DDT)
and its degradation products, pp’-DDD, pp’-DDE; o- and /-
endosulfan, endosulfan sulphate, and fipronil. OCPs were
purified by solid phase extraction (SPE) on florisil
(MgOs5Si1), following the EPA method 608 (Bond Elut

Florisil, 1 g, 200 uM particle size, Varian). They were
analyzed by gas chromatography with an autosystem XL
(Perkin-Elmer), using ECD (electron capture detection)
(®*Ni). The procedure was adapted from the 8081a EPA
Method. (Oliveira-Ribeiro et al. 2005). All reference
materials were produced following an ISO9001 certified
laboratory. The detection limit ranged from 0.01 to
0.05 ng g~ dry weight (dw).

The fish livers were homogenized in cold buffer (Tris
50 mM pH 7.4) with a Potter Elvehjem homogenizer and
centrifuged at 1,000g at 4°C for 10 min to obtain the
supernatant S1. S1 was re-centrifuged (12,000g) to obtain
the post-mitochondrial fraction (S12). Glutathione S-
transferase (GST), superoxide dismutase (SOD), catalase,
glutathione peroxidases (GPx) activities were assessed in
S12 and acetylcholinesterase (AChE) activity was deter-
minated in muscle and brain S1, as described previously
(Buet et al. 2006). Inter-species variations were compared
using one-way analysis variance (ANOVA) followed by
Scheffe’s and Bonferroni-Dunnett posthoc tests. Relation-
ships between contaminant concentrations and biological
data were tested using the Spearman’s rank correlation test.
A p-value <0.05 was considered significant.

Results and Discussion

The weight of catfishes, tilapia and prawns were 60 + 8 g,
45 £3 g and 17.5 £ 1.9 g, respectively. The catfishes
were the fattiest species (p < 0.002) the lipid contents of
samples were 127 + 17 mg g~ ' dw, 69 = 8 mg g ' dw
and 71 & 4 mg g~' dw in catfishes, tilapia and prawn,
respectively. The analyzed OCPs were divided into two
groups: the OCPs ‘banned’ in Europe (in some cases for
more than 30 years) and the ‘allowed OCPs’ (compounds
in current use). In the three species, about 80% of the
contamination were due to banned pesticides (Table 1).
The tilapia appeared as the more contaminated fish species,
although the catfish had the highest lipid content. In such a
field study, we hypothesized that sampled tilapia belongs to
a lower and potentially less mobile age-group than the
catfish. According to Duponchelle and Legendre (2000),
they have reached their size at maturity and their longevity
is from 4 to 7 years. Therefore, the highest levels of con-
tamination in the least fatty fishes could be results of long-
term exposure.

Table 1 OCPs contamination
in tilapia, catfishes and prawns
from the Lake Taabo

ng g dw™!

Tilapia
O. niloticus (10)

Catfishes
C. nigrodigitatus (7)

Prawns
M. vollenhovenii(5)

YAnalyzed OCPs
% Banned OCPs

702 £+ 120
82.6 + 1.6

597 + 74
747 £ 25

608 + 166
81.4 £ 4.0
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Moreover, the accumulation of OC compounds in the
fishes from the same area is not only dependent on the lipid
content but also on the habitat, on the dietary intake, on the
growth rate and on the metabolism of species. Benthic algae
represent an important reservoir of OC pollutants and
accordingly, a fundamental link for trophic transfer of these
xenobiotics. Pérez-Ruzafa et al. (2000) demonstrated that
the transfer of OCPs, such as endosulfan and endrin, in
aquatic food webs, goes mainly from plants to herbivorous—
detritivorous compartment. So, the highest concentrations
of most OCPs were found in the tilapia, a herbivorous
species feeding mainly on benthic algae, as compared to the
catfish, a predatory species. More ‘banned’ than ‘allowed’
insecticides were found in the three components of Lake
Taabo trophic web. The banned pesticide concentrations
showed only a significant difference between the tilapia and
the catfish (p = 0.015). The substances detected at the
highest concentrations (XHCH, endosulfan and endrin, and
to some extent DDT) showed a great variability, both inter-
and intra-species (Fig. 1). As we previously mentioned
(Roche et al. 2007), lindane and its isomers (XHCH) were
the dominant substances. At the opposite, the a-chlordane
concentrations (data not showed) were below the detection
limit in most of the individuals, while the y-chlordane level
could reach a high level in tilapia (up to 87 ng g~ ' dw). The
classification of the pesticides according to their level of
detection in the three species were found as follows:
HCH > endosulfan > DDT > endrin > heptachlor. Wan-
dan and Zabik (1996a) indicated the dominance of lindane
and endosulfan in the aquatic ecosystems in the south of
Cote d’Ivoire, since they were still extensively used. Lin-
dane is used for the control of cocoa mirids and other pests,
and endosulfan as insecticide, acaricide and nematicide
widely used for crop protection and for controlling disease
vectors. In comparison to other recent studies, the XHCH
concentration (on a lipid basis) was higher in the fishes from
Lake Taabo (ranged from 1.6 = 0.3 to 4.1 + 0.7 pg g~*
lipids according to the species) than from Lake Tanganyika

Fig. 1 OCPs (sum of isomers
and/or metabolites)
contamination profile of H
tilapia (O. niloticus), @ catfishes
(C. nigrodigitatus) and [
prawns (M. vollenhovenii) from
Lake Taabo
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(>0.1 ug g ') as described by Manirakiza et al. (2002).
Endosulfan exhibited higher concentrations in Taabo
organisms than in the fishes from Lake Tanganyika, which
values were included between 0.5 and 36.1 ng g~ lipids.
The 2-chlordane concentration was higher in the tilapia than
in the prawns and catfishes (p = 0.002 and p = 0.0007,
respectively). On the other hand, the heptachlor contents
were significantly higher in the catfishes than in the tilapia
(p = 0.002) or in the prawns (p = 0.012). Whereas its main
metabolites were more concentrated in the prawns
(p = 0.041). The less common OCPs found were aldrin
(average from 113 +42ngg ' dw in tilapia, to
32.4 + 16.8 ng g~ ' dw in prawns) and fipronil (average up
to 16.5 ng g~ ' dw in all the species). DDT, endrin and their
metabolites were also high. Although these pesticides are
officially banned, the farmers still have access to them
illegally, in the form of mixture with other OCPs. At the
same trophic levels, the concentration of XDDT in fishes
from Lake Taabo was three times higher than those reported
in the species from Lake Tanganyika. These results suggest
that DDT application is probably still in use in Cote d’Ivoire.
The ratio of DDE/DDT can be taken as an empirical indi-
cator of the time since a DDT application. In the present
study, DDE/DDT ratio was lower than 1 suggesting a recent
exposure to DDT, direct or by means of food. The bioac-
cumulation of OCPs through the biomagnification process
along the food chains can be considered a secondary poi-
soning. Wandan and Zabik (1996b) pointed that the water
systems of Cote d’Ivoire did not face pollution problems.
Although it is likely that there is no risk with drinking water,
the persistence of the contaminants, their trophic transfer
and their accumulation at the highest levels of the trophic
web could be detrimental not only for the contaminated
individual but also for the structure of the communities and
for the consumers at the top of the food chain.

In the present study, the biomarkers were selected in
order to investigate several metabolic processes. These
include biotransformation process (GST), antioxidant
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Table 2 Enzymatic biomarkers in tilapia (O. niloticus), catfishes (C. nigrodigitatus) and prawns (M. vollenhovenii) from the Lake Taabo

M mg{l proteins  Liver

Muscle Brain

GST Catalase GPx

SOD AChE AChE

Tilapia (10) 922 [523-1478] 866 [163-1114]
Catfishes (7) 782 [334-1478] 932 [333-1329]

Prawns (5) nm nm nm

6794 [2303-13425]
4048 [2107-6423]

65.5 [3.6-158] 8.40 [3.17-16.7]  0.36 [0.18-0.50]
138.5 [17.8-513]  4.80 [1.23-8.04]  0.29 [0.12-0.49]
nm 7.05 [4.28-11.6] nm

Mean and range [min—max], (n) = number of individuals, nm = not measured

enzyme activities (catalase, GPX and SOD) and AChE
which is increasingly used to assess the adverse biological
effects of complex chemical mixtures (Table 2). In a recent
paper, Fent (2004), in agreement with our previous
observations (Oliveira Ribeiro et al. 2005), argued that the
assessment of the ecotoxicological potential of contami-
nated sites should take into account not only easily
controllable parameters, such as, interactions of chemicals
in complex mixture or their bioavailability, but also
adaptive and compensatory processes in the organism of
interest. The analysis of the data was made through
Spearman’s rank correlations. Such relationships were
demonstrated in the catfishes between the biotransforma-
tion enzyme activity (GST) and the sum of banned or still
used OCPs (p = 0.044) like for Y OCP and > endosulfan
impregnation (p = 0.029 and 0.036, respectively). This
observation is consistent with most biomonitoring studies
that recommend the use of such an activity as a biomarker
of organic chemical exposure in aquatic ecosystems.
Because catfishes had higher lipid content, this may
influence bioaccumulation of the persistent organic pollu-
tants. In the catfishes, significant correlations were also
detected between concentrations of OCPs and hepatic SOD
activity. It was the case for endosulfan and fipronil
(p = 0.046) and more generally, for total, banned or
authorized OCPs (p < 0.05).

Here, in the tilapia — the ‘most contaminated’ organism
—no correlation was found between hepatic biomarkers and
pollutant concentrations. However brain AChE showed
significant relationships with heptachlor and fipronil
impregnation of muscle (p < 0.06).

The most outstanding responses were the negative cor-
relations between muscular AChE activity in the prawn M.
vollenhovenii, and the level of some OCPs (i.e. ZOCP,
¥ *2DDT, ZHCH, fipronil and o-endosulfan: p-values
ranked from 0.03 to 0.06). These results are consistent with
numerous works listed by Lionetto et al. (2003), which
considered that the AChE inhibition, when measured in
invertebrates, could be a relevant biomarker in a chemical
multi-contamination context.

The present study confirms the contamination of the
aquatic species by POPs. As previously mentioned, this
contamination is chronic and sufficiently intense to induce

answers of some specific biomakers in marketable fishes
and prawns (Roche et al. 2007). The US Agency for Toxic
Substances and Disease Registry (ATSDR) and the Sci-
entific Committee on Food of the European Commission
recommend, as minimal risk levels (MRLs), limits of
1,000 ng g~ for S_DDT, 200 ng g~ for aldrin and hep-
tachlor, 100 ng g~' chlordane and endosulfan and
50 ng g~ for endrin (as concentrations in whole body-
tissue). According to this tolerance, the measured levels of
OCPs were too high for consumption.

In addition, numerous epidemiologic reports show a
dramatic increase in human diseases transmitted by insect
vectors, like malaria and Buruli ulcer, an infectious disease
due to a mycobacterium (Wansbrough-Jones and Phillip
2006). Such pathologies increase in populations living in
humid rural tropical areas, especially near the African
hydroelectric reservoirs, notably the Lake Taabo. In Cote
d’Ivoire, Brou et al. (2006) demonstrated a relationship
between Buruli ulcer prevalence and environmental deg-
radation of wetlands, deforestation, agricultural-water
management and increased cultivation. Furthermore, the
immunosuppressive effects of OCPs are known. Recently,
Cooper et al. (2004) demonstrated evidence of an immu-
nosuppression associated with dietary exposure to DDT, in
American farmers. The endemic infectious diseases pre-
viously mentioned, affect predominantly children between
5 and 15 years old or immunodeficient individuals. Since
the immunotoxicant organochlorines are suspected to
induce a decrease of host resistance to infections and to
suppress humoral and cell-mediated immune responses, we
may assume that the intensity of the pathologies could be
correlated with pesticide contamination.

The present ecotoxicological investigations show that all
the investigated pesticides, including substances involved
in the Stockholm Convention, were found in three repre-
sentative species of the Lake Taabo ecosystem. High
concentrations of compounds such as lindane and endo-
sulfan suggest that these pesticides are still sprayed in the
vicinity of the lake or the Bandana River. Because the
investigated species constitute a significant lacustrine food
resource for the populations neighbouring and inhabiting in
the nearest urban area (the city of Abidjan), we pointed out
the need for programs about environmental risk
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assessment, in order to evaluate the quality of African lakes
and the actual adverse effects of pesticides in the fish
consumers. In addition, it seems essential to investigate the
possible links between the dietary pesticide exposure and
the prevalence of infectious diseases in Africa.

Acknowledgments We would also like to thank Professor Francois
Ramade for his substantive and constructive commentary.

References

ATSDR Agency for Toxic Substances and Disease Registry
http://www.atsdr.cdc.gov/mrls/

Berny PJ, de Buffrénil V, Hémery G (2006) Use of the Nile monitor,
Varanus niloticus L (reptilia: varanidae), as a bioindicator of
organochlorine pollution in African wetlands. Bull Environ
Contam Toxicol 77:359-366. doi:10.1007/s00128-006-1074-z

Brou T, Broutin H, Dosso M, Guegan JF (2006) Environment change
(deforestation, agricultural-water management, increased culti-
vation) impact on rural population health: Buruli ulcer prevalence
in Ivory Coast. Climate variability and change, hydrological
impacts (Proceedings of the 5th FRIEND world conference)
Havana, Cuba, November 2006) IAHS Publ. 308:685-690

Buet A, Banas D, Vollaire Y, Coulet E, Roche H (2006) Biomarker
responses in European eel (Anguilla anguilla) exposed to
persistent organic pollutants. A field study in the Vaccares
lagoon (Camargue, France). Chemosphere 65:1846-1858. doi:
10.1016/j.chemosphere.2006.03.074

Conway K (2002) Improve the environment, improve health in Cote
d’Ivoire. In Division of the International Development Research
Centre (IDRC) (eds), IDRC Reports magazine, Ottawa, Canada.
http://web.idrc.ca/en/ev-12006-201-1-DO_TOPIC.html

Cooper GS, Martin SA, Longnecker MP, Sandler DP, Germolec DR
(2004) Associations between plasma DDE levels and immuno-
logic measures in African-American farmers in North Carolina.
Environ Health Perspect 112:1080-1084

Curtis C, Palmer Olsen C (2004) The Africa Stockpiles Programme:
cleaning up obsolete pesticides; contributing to a healthier
future. UNEP Ind Environ Rev 27:37-38

Duponchelle F, Legendre M (2000) Oreochromis niloticus (Cichli-
dae) in lake Ayame Cote d’Ivoire: life history traits of a strongly
diminished population. Cybium 24:161-172

@ Springer

European Commission, Scientific Committee on Food http://ec.europa.
eu/food/plant/protection/pesticides/index_en.htm

Fent K (2004) Ecotoxicological effects at contaminated sites. Toxicol-
ogy 205:223-240. doi:10.1016/j.tox.2004.06.060

Lionetto MG, Caricato R, Giordano ME, Pascariello MF, Marinosci
L, Schettino T (2003) Integrated use of biomarkers (acetylcho-
linesterase and antioxidant enzymes activities) in Mytilus
galloprovincialis and Mullus barbatus in an Italian coastal
marine area. Mar Pollut Bull 46:324-330. doi:10.1016/S0025-
326X(02)00403-4

Manirakiza P, Covaci A, Nizigiymana L, Ntakimazi G, Schepens P
(2002) Persistent chlorinated pesticides and polychlorinated biphe-
nyls in selected fish species from Lake Tanganyika, Burundi, Africa.
Environ Pollut 117:447-455. doi:10.1016/S0269-7491(01)00188-9

Oliveira Ribeiro CA, Vollaire Y, Sanchez-Chardi A, Roche H (2005)
Bioaccumulation and the effects of organochlorine pesticides,
PAH and heavy metals in the eel (Anguilla anguilla) at the
Camargue Nature Reserve, France. Aquat Toxicol 74:53-69.
doi:10.1016/j.aquatox.2005.04.008

Pan Africa (2003) Pesticide Action Network Africa. Annual report.
http://www.pan-afrique.org/english/publication/pg_Reports.html

Pérez-Ruzafa V, Navarro S, Barba A, Marcos C, Camara MA, Salas
F, Gutierrez JM (2000) Presence of pesticides throughout trophic
compartments of the food web in the Mar Menor Lagoon (SE
Spain). Mar Pollut Bull 40:140-151. doi:10.1016/S0025-326X
(99)00193-9

Roche H, Tidou AS, Persic A (2007) Organochlorine pesticides and
biomarker responses in two fishes Oreochromis niloticus (Lin-
naeus, 1758) and Chrysichthys nigrodigitatus (Lacepede, 1803)
and an invertebrate, Macrobrachium vollenhovenii (Herklot, 1857)
from the Lake Taabo (Cote d’Ivoire). J Appl Sci 7:3860-3869

UN Food and Agricultural Organization (FAO) (2001) Afr Recovery
15:42

Wandan EN, Zabik MJ (1996a) Assessment of surface water quality
in Cote d’Ivoire. Bull Environ Contam Toxicol 56:73-79. doi:
10.1007/s00128990001 1

Wandan EN, Zabik MJ (1996b) Assessment of the contamination of
surface water and fish from Cote d’Ivoire. J Environ Sci Health
31B:225-240

Wansbrough-Jones M, Phillip R (2006) Buruli ulcer: emerging from
obscurity. The Lancet 367:1849-1858. doi:10.1016/S0140-6736
(06)68807-7


http://www.atsdr.cdc.gov/mrls/
http://dx.doi.org/10.1007/s00128-006-1074-z
http://dx.doi.org/10.1016/j.chemosphere.2006.03.074
http://web.idrc.ca/en/ev-12006-201-1-DO_TOPIC.html
http://ec.europa.eu/food/plant/protection/pesticides/index_en.htm
http://ec.europa.eu/food/plant/protection/pesticides/index_en.htm
http://dx.doi.org/10.1016/j.tox.2004.06.060
http://dx.doi.org/10.1016/S0025-326X(02)00403-4
http://dx.doi.org/10.1016/S0025-326X(02)00403-4
http://dx.doi.org/10.1016/S0269-7491(01)00188-9
http://dx.doi.org/10.1016/j.aquatox.2005.04.008
http://www.pan-afrique.org/english/publication/pg_Reports.html
http://dx.doi.org/10.1016/S0025-326X(99)00193-9
http://dx.doi.org/10.1016/S0025-326X(99)00193-9
http://dx.doi.org/10.1007/s001289900011
http://dx.doi.org/10.1016/S0140-6736(06)68807-7
http://dx.doi.org/10.1016/S0140-6736(06)68807-7

	First Ecotoxicological Assessment Assay in a Hydroelectric Reservoir: The Lake Taabo (C˛te d&rsquo;Ivoire)
	Abstract
	Materials and Methods
	Results and Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


