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Abstract A study to compare the degradation rates of
atrazine  (6-chloro-N>-ethyl-N*-isopropyl-1,3,5-triazine-
2,4-diammine) and isoproturon [3-(4-isopropylphenyl)-1,1-
dimethylurea] in soils from sugarcane fields with different
practices of herbicides application was carried out. '*C-
atrazine was poorly mineralized to 4C0, (1.10% =+ 0.22%)
after 139 days of incubation in soil without previous expo-
sure to atrazine. In the same soil also with no previous
isoproturon exposure isoproturon was mineralized to '*CO,
by 7.70% =+ 0.94%. Atrazine mineralization after 98 days
was 13.4% = 0.30% in soil which discontinued the use of
atrazine in 1997 while it was 89.9% =+ 1.23% in soil in
which atrazine is currently being used. The isoproturon
mineralization values were 7.24% =+ 0.85% and 22.97% +
0.96% in soil which discontinued atrazine and soil currently
using atrazine, respectively.
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Both phenylurea and s-triazine herbicides are used world-
wide for pre- and post-emergence weed control in corn,
sorghum, sugarcane and other crops (Sgrensen et al. 2003;
Khadrani et al. 1999; Shaner et al. 2007; Wackett et al.
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2002). Degradation of chemicals can involve biotic and
abiotic processes, where microbially facilitated biodegra-
dation is especially interesting, as it is a major process
in the complete mineralization of aromatic compounds
to harmless inorganic products (Alexander 1981). The
halogen, methylthioether, and N-alkyl substituents on the
s-triazine ring of the herbicides impede facile microbial
metabolism (Wackett et al. 2002). This has also been
observed in some of the halogenated phenylura herbicides
such as methabenzthiazuron, diuron, metobromuron and
monuron (Berger 1999). As result some of the compounds
most frequently used such as atrazine and isoproturon are
frequently detected in surface and ground waters (Yassir
et al. 1999; Mahia and Diaz-Ravina 2007; Sgrensen et al.
2003).

However, enhanced degradation has been observed for
atrazine and isoproturon in soils where they have been
applied repeatedly and used for a long time with sub-
sequent isolation of the bacterial strains which metabolized
the pesticides to get C, N and energy for growth (Barriuso
and Houot 1996; Sgrensen et al. 2001). Enhanced degra-
dation is a phenomenon whereby, a soil-applied pesticide is
rapidly degraded by a population of microorganisms that
has developed the ability to use the compound as a C,
energy and or nutrient source because of previous exposure
to it or its analogue (Krutz et al. 2008).

In Kenya both s-triazine and phenylurea herbicides have
been used in various sugarcane fields to control weeds for
more than 20 years. One of the s-triazine herbicides that is
frequently used and has been used for a long time is atra-
zine. Isoproturon is not among the phenylurea herbicides
used in the sugarcane fields in Kenya. In a previous labo-
ratory study of atrazine degradation in soil from one of the
sugarcane fields atrazine mineralization was enhanced by
adding organic amendments (Getenga 2003). There has
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been no study before to ascertain if the soils in the Kenyan
sugarcane fields have developed enhanced degradation of
the soil-applied herbicides. The objective of our study was
to find out if both atrazine and isoproturon could be
degraded rapidly in the soils from the sugarcane fields.

Materials and Methods

Soils were collected in December 2006 from three sugar-
cane fields with different practices in herbicides
application. In field (N) both atrazine and isoproturon had
not been used. In field (D), both s-triazine and phenylurea
herbicides including atrazine but not [PU had been used for
the past 20 years until 1997 when atrazine was discontin-
ued. In field (U), both phenylurea and s-triazine herbicides
which include atrazine but not isoproturon are currently
being used. The pH, total C and N for the soils were
determined (Table 1).

Uniformly 14C-ring labeled atrazine (specific activity
1.628 MBg/mg; radio-purity of 98%) was purchased from
Sigma—Aldrich (St. Louis Missouri, USA). The labeled
atrazine was mixed with unlabeled one to give new specific
radio-activity of 7 Bg/pg. "*C-ring-labeled isoproturon with
specific radioactivity of 3.96 MBg/mg and radio-purity of
98% was mixed with commercial available product arelon to
a final concentration of 500 mg/mL according to guidelines
provided by the pesticide producer Agrevo (Frankfurt,
Germany), and resulting in final specific radioactivity of
686 Bg/pg. Analytical standards and their metabolites were
purchased from Dr. Ehrenstorfer (Augsburg, Germany).
Scintillation cocktails were obtained from Packard (Drei-
eich, Germany). All other chemicals and solvents were of
analytical grade and were purchased from Merck (Darms-
tadt, Germany).

Aliquots of 50 g-dry soil samples spiked with uniformly
'“C-ring labeled and non-labeled pesticides (atrazine and
isoproturon) were placed in double walled 100 mL round
flasks and incubated at 20 4= 1°C in darkness. Before labo-
ratory incubation, the soils at the soil density of 1.3 g/cm®
were moistened to optimum soil water contents of 24.6%,
24.9% and 21.4% for the soils N, D, and U, respectively. The
atrazine-amended soil had an initial pesticide concentra-
tion of 24.6 pg/g and radioactivity of 2,097.2 Bq/g dry
soil. The isoproturon-amended soil had initial isoproturon

Table 1 Measured values of pH, total N and C for the soils

Source of soil pH Total N (%) Total C (%)
Soil from field N 6.5 0.08 4.2
Soil from field D 4.8 0.13 1.2
Soil from field U 5.6 0.10 1.0

concentration of 24.6 ng and radioactivity of 2,815.5 Bq/g
dry soil. Soils sterilized with 1,000 pg HgCl,/g dry soil were
used as controls. The flasks with pesticide-spiked soils were
connected to a closed laboratory trapping system and aerated
thrice per week for 1 h atan air exchange rate of 1 L/h to trap
4CO,. The trapping system and sampling of the trapping
solutions have previously been described (Schroll et al.
2004). The incubation for each soil was conducted in
quadruplicates.

Isoproturon and its metabolites in the methanol extracts
from soil after incubation in the laboratory were extracted,
cleaned and analyzed by HPLC (Berthold, Wildbad, Ger-
many) as previously described (Getenga et al. 2004). Atrazine
and its metabolites in methanol extracts were obtained from
soil as previously described (Gan et al. 1999) in an acceler-
ated solvent extractor, ASE 200 (Dionex, Germany). The
methanol extracts were cleaned and concentrated through
triazine SPE columns before analysis by HPLC (Berthold,
Wildbad, Germany). The analysis was performed by HPLC
equipped with both Hitachi UV detector L-7400 and Berthold
radioflow detector LB 506Cl for radioactivity measure-
ment. The measurements were conducted at the following
conditions. Mobile phase composition; A = acetonitrile
(HPLC grade, Riedel-de Haen, Seelze, B = buffer (0.003 M
KH,PO, at a pH of 3). At time (min) = 0 (T0), A = 20%,
B = 80%, T2: A = 38%, B = 62%, T16: A = 75%, B =
25%, T25: A = 20%, B = 80%. The UV detector was set
at 220 nm and the flow rate of the mobile phase was
1.0 mL/min.

Results and Discussion

Mineralization of "*C-atrazine to '*CO, after 139 days of soil
incubation was very low (1.10% = 0.22%) in soil from the
field (N) where the two herbicides had not been used. How-
ever, 14C—isoplroturon mineralization in the same soil
was higher (7.70% + 0.94%) for the same period of soil
incubation. There was enhanced atrazine mineralization
(89.9% + 1.23%) in soil from the field (U) where atrazine is
currently being used but isoproturon has not been used before.
In the same soil '*C-isoproturon mineralization to '*CO, was
22.97% £ 0.97% after 98 days of soil incubation in
the laboratory. In soil from the field (D) where atrazine
was discontinued in 1997, 14C.atrazine mineralization was
13.4% + 3.0% while "“C-isoproturon mineralization was
(7.24% =+ 0.85%) after 98 days (Fig. 1). The extractable and
non-extractable residues of the herbicides remaining in the
soils after the experiments are shown (Table 2).

Many studies on atrazine metabolism in soil using
!4C-ring labeled atrazine have shown that '*CO, is produced.
However, the amount of 14C02 produced from some soils
could not be attributed to the applied radio-labeled molecule
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Fig. 1 Mineralization of '*C-atrazine and '*C-isoproturon in the
soils

(atrazine), because the percentage of '*C evolved as '*CO,
was equal or less than the concentration of '*C impurities in
the radio-labeled atrazine (Winkelmann and Klaine 1991).
Langenbach et al. (2000) observed after 95 days of soil
incubation 0.2% mineralization of atrazine to 14C02 from
'“C-labeled atrazine with a radio-purity of 99%. Shapir and
Mandelbaum (1997) found that '*C-labeled atrazine with
radio-purity of 98.6% could only be mineralized to '*CO, by
about 1% in upper soil layer after 30 days. Dousset et al.
(1997) observed that the quantity of 4C0, (0.8%) evolved
from the soils with '*C-labeled atrazine of radio-purity of
98.6% could not be attributed to atrazine mineralization but
to impurities. In our study, the 14C.labeled atrazine had a
radio-purity of 98%, with 2% being impurities. The
1.10% = 0.22% of "*CO, produced during atrazine miner-
alization in soil with no history of previous atrazine use could
be due to the impurities in radio-labeled atrazine. The slow
mineralization of atrazine by native soil microbes in most
soils has been attributed to the halogen on the atrazine ring
which impedes facile microbial metabolism (Wackett et al.
2002). However, isoproturon mineralization was higher with
an average value of 7.47% =+ 0.9% for the two soils where
isoproturon has not been used before. The absence of a

Table 2 Mass balance for '*C-atrazine and '“C-isoproturon in the soils

halogen substituent on the phenyl-urea ring of isoproturon
may explain the higher mineralization by native soil
microbes as observed by Sgrensen et al. (2003). However,
halogenated phenylurea herbicides such as diuron, metha-
benzthiazuron, metobromuron, monuron, linuron and fluo-
meturon have been found to be slowly mineralized in
agricultural soils (Berger 1999).

In the soil from the field (D) where the use of atrazine
had been discontinued, the recorded total atrazine miner-
alization of 13.40% = 3.0% with a lag phase of 10 days
could be attributed to the presence of adapted atrazine
degraders developed when the soil was exposed to the
herbicide. Due to the exposure of the soil to atrazine again
in the laboratory, the adapted atrazine degraders were
reactivated and therefore atrazine mineralization was
higher than in the soil where atrazine had not been used.
The mineralization rate increased to a maximum value of
0.92% 14C02/day after 17.7 days (Fig. 2). However, atra-
zine mineralization in most soils has been reported to be
poor where adapted atrazine degraders have not developed
(Winkelmann and Klaine 1991; Langenbach et al. 2000;
Shapir and Mandelbaum 1997; Dousset et al. 1997). The
isoproturon mineralization in all the soils with no exposure
to isoproturon can only be attributed to the presence of
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Fig. 2 Rate of '*CO, production from “C-atrazine with time in soils
from fields D and U

Soil source Herbicide Accumulated '*CO, Extractable residue (%) Non-extractable
residue (%)
Field N Atrazine 1.10 + 0.22 658 + 2.5 332+ 2.6
Isoproturon 7.70 £ 0.94 28.0 £ 4.31 66.3 £2.23
Field D Atrazine 13.40 £+ 3.0 453 + 129 413 + 123
Isoproturon 7.24 + 0.85 57.83 £ 1.66 34.88 + 1.27
Field U Atrazine 89.9 +1.23 2.65 + 1.17 7.4 + 0.30
Isoproturon 22.97 £ 0.96 27.36 £ 2.45 49.76 £ 1.59
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non-specific native soil microbes which appeared to
co-metabolize isoproturon readily.

Enhanced atrazine mineralization (89.9% =+ 1.23%)
occurred in the soil from the field (U) where atrazine is being
used with other herbicides. Atrazine mineralization started
immediately after incubation of the soil. Maximum miner-
alization rate of 3.24% '*CO,/day for atrazine was attained
after 6.7 days (Fig. 2). The high atrazine mineralization in
the soil can only be attributed to the presence of highly
adapted atrazine degraders in the soil developed by long
exposure of the microbes to atrazine. The mineralization
curve for the soil did not show a lag phase because the
adapted atrazine degraders were already used to atrazine as a
substrate. The isolation and characterization of the adapted
atrazine degraders from the soil through liquid culture
enrichment techniques is still going on in our study. Many
previous studies have reported enhanced atrazine minerali-
zation in soil with subsequent isolation and characterization
of numerous atrazine-degrading strains belonging to diverse
bacteria genera (Marion et al. 2005).

The five metabolites from atrazine in the soil (Table 3) are
due to both chemical and microbial activities. In soils which
do not have adapted atrazine degraders, atrazine is normally
hydrolyzed chemically to hydroxyatrazine (HA), which
itself can be acted upon by nonspecific monooxygenases on
the ethyl side chain to form desethylhydroxyatrazine
(DEHA; Wackett et al. 2002). However, DEHA was not
detected in this study. The monooxygenases from native soil
microbes can also act directly on atrazine converting it into
desethylatrazine and desisopropylatrazine (Marion et al.
2005), hence the observed metabolites. The other metabo-
lite desisopropylhydroyatrazine (DIHA), which was also
detected in this study, resulted from the initial chemical
hydrolysis of atrazine into HA which was then acted upon by
the monooxygenases through the isopropyl side chain to
form DIHA. We could not detect any metabolite of atrazine
in the soil from field U where atrazine was metabolized
rapidly. The extractable residue in the soil at the end of the
experiment was only 2.65% =+ 1.17% of the initially applied
atrazine and therefore, the metabolites could not be detected.

Table 3 Metabolites of atrazine and isoproturon in the soil field N

Metabolite  Unidentified Atrazine HA DIA DEA DIHA

Metabolites from atrazine

R, (min) 13.80 11.70 10.13 732 6.30 3.10
Metabolite IPU MDIPU DDIPU
Metabolites from isoproturon

R, (min) 35.87 34.37 32.90

HA hydroxyatrazine, DEA desethylatrazine, DIA Desisopropylatr-
azine, DIHA desisopropyl hydroxyatrazine, MDIPU Monodesmethyl
isoproturon, DDIPU didesethylisoproturon

The metabolites from isoproturon were monodesmethyl
isoproturon and didesethyl isoproturon only. The degrada-
tion pathway of isoproturon has been found to proceed via
initial cometabolic steps followed by metabolic processes.
The initial attack is demethylation resulting in the removal of
one methyl group followed by removal of another methyl
group from N of the urea side chain (Lehr et al. 1996). Iso-
proturon like any other phenylurea has been shown to be
stable to chemical degradation within the pH range of 4-10.
Consequently, chemical degradation of isoproturon in soils
is of minor importance (Sgrensen et al. 2003). The two
metabolites observed in this study therefore resulted from
microbial attack of isoproturon.

Results from the study showed that atrazine could not be
mineralized in soil where atrazine had not been used
before. The moderate atrazine mineralization which was
observed in soil which discontinued the use of atrazine in
1997 showed that adapted atrazine degraders could lose
their ability to degrade atrazine and reactivated on expo-
sure to the herbicide. The high mineralization in soil with
adapted atrazine degraders substantially reduced atrazine
residues in the soil thus minimizing the threat of contam-
ination of surface and ground water by the herbicide.
Isoproturon appeared to be easily mineralized in all soils
which had not been exposed to the herbicide. The absence
of a halogen on the phenyl ring of isoproturon may explain
why the native soil microbes could easily mineralize
isoproturon.

Acknowledgments We thank the Alexander Von Humboldt foun-
dation for the purchase of uniformly 14C—ring labeled atrazine and the
fellowship granted to Z. M. Getenga to carry out the study. We also
thank the German Research Center for Environmental Health
(Helmholtz Zentrum Miinchen) for providing the facilities, consum-
ables and purchase of '“C- ring labeled isoproturon.

References

Alexander M (1981) Biodegradation of chemicals of environmental
concern. Science 211:132-138. doi:10.1126/science.7444456

Barriuso E, Houot S (1996) Rapid mineralization of the s-triazine ring
of atrazine in soils in relation to soil management. Soil Biol
Biochem 28:1341-1348. doi:10.1016/S0038-0717(96)00144-7

Berger BM (1999) Factors influencing transformation rates and
formation of products of phenylurea herbicides in soil. J Agric
Food Chem 47:3389-3396. doi:10.1021/jf981285q

Dousset S, Mouvet C, Schiavon M (1997) Degradation of [14C]
terbuthylazine and ['*C] atrazine in laboratory soil microcosms.
Pestic Sci 49:9-16. doi:10.1002/(SICI)1096-9063(199701)49:
1<9::AID-PS472>3.0.CO;2-F

Gan J, Papiernik SK, Koskinen WC, Yates SR (1999) Evaluation of
accelerated solvent extraction (ASE) for analysis of pesticide
residues in soil. Environ Sci Technol 33:3249-3253. doi:10.1021/
€s990145+

Getenga ZM (2003) Enhanced mineralization of atrazine in compost-
amended soil in laboratory studies. Bull Environ Contam Toxicol 75:
937-941

@ Springer


http://dx.doi.org/10.1126/science.7444456
http://dx.doi.org/10.1016/S0038-0717(96)00144-7
http://dx.doi.org/10.1021/jf981285q
http://dx.doi.org/10.1002/(SICI)1096-9063(199701)49:1%3c9::AID-PS472%3e3.0.CO;2-F
http://dx.doi.org/10.1002/(SICI)1096-9063(199701)49:1%3c9::AID-PS472%3e3.0.CO;2-F
http://dx.doi.org/10.1021/es990145&plus;
http://dx.doi.org/10.1021/es990145&plus;

682

Bull Environ Contam Toxicol (2009) 82:678-682

Getenga ZM, Doerfler U, Reiner S, Sabine K (2004) Determination of
a suitable sterilization method for soil in isoproturon biodegra-
dation studies. Bull Environ Contam Toxicol 72:415-421. doi:
10.1007/s00128-003-9106-4

Khadrani A, Seigle-Murandi F, Steiman R, Vroumsia T (1999)
Degradation of three phenylurea herbicides (chlortoluron, isopro-
turon and diuron) by micromycetes) isolated from soil. Chemo-
sphere 38:3041-3050. doi:10.1016/S0045-6535(98)00510-4

Krutz LJ, Shaner DL, Accinelli C, Zablotowicz RM, Henry WB
(2008) Atrazine dissipation in s-triazine-adapted and nonadapted
soil from Colorado and Mississippi: implications of ehanced
degradation on atrazine fate and transport pameters. J Environ
Qual 37:848-857. doi:10.2134/jeq2007.0448

Langenbach T, Schroll R, Paim S (2000) Fate and distribution of
14C-atrazine in a tropical oxisol. Chemosphere 40:449-455. doi:
10.1016/S0045-6535(99)00244-1

Lehr S, Glailgen WE, Sandermann H, Beese F, Scheunert I (1996)
Metabolism of isoproturon in soils originating from different
agricultural management systems and in cultures of isolated soil
bacteria. Int J Environ Anal Chem 65:234-243. doi:10.1080/
03067319608045558

Mabhia J, Diaz-Ravina M (2007) Atrazine degradation and residues
distribution in two acid soils from temperate humid zone.
J Environ Qual 36:826-831. doi:10.2134/jeq2006.0477

Marion D, Sonia H, Alain H, Fabrice M (2005) Horizontal gene
transfer of atrazine degrading genes (atz) from Agrobacterium
tumefaciens st96—4 pAdP1:: Tn 5 to bacteria of maize-cultivated
soil. Pest Manag Sci 61:870-880. doi:10.1002/ps.1098

Schroll R, Brahushi F, Doerfler U, Kuehn S, Fekete J, Munch JC
(2004) Biomineralization of 1, 2, 4-trichlorobenzene in soils by

@ Springer

adapted microbial community. Environ Pollut 127:395-401. doi:
10.1016/j.envpol.2003.08.012

Shaner DL, Henry WB, Krutz LJ, Hanson B (2007) Rapid assay for
detecting enhanced atrazine degradation in soil. Weed Sci
55:528-535. doi:10.1614/WS-07-015.1

Shapir N, Mandelbaum RT (1997) Atrazine degradation in subsurface
soil by indigenous and introduced microorganisms. J Agric
Chem 45:4481-4486. doi:10.1021/jf970423t

Sgrensen SR, Ronen Z, Aamand J (2001) Isolation from agricultural
soil and characterization of a Sphingomonas sp. able to
mineralize the phenylurea herbicide isoproturon. Appl Environ
Microbiol 67:5403-5409. doi:10.1128/AEM.67.12.5403-5409.
2001

Sgrensen SR, Bending GD, Jacobsen CS, Walker A, Aamand J (2003)
Microbial degradation of isoproturon and related phenylurea
herbicides in and below agricultural fields. FEMS Microbiol
Ecol 45:1-11. doi:10.1016/S0168-6496(03)00127-2

Wackett LP, Sadowsky MJ, Martinez B (2002) Biodegradation of
atrazine and related s-triazine compounds: from enzymes to
field studies. Appl Microbiol Biotechnol 58:39-45. doi:10.1007/
$00253-001-0862-y

Winkelmann DA, Klaine SJ (1991) Degradation and bound residue
formation of four atrazine metabolites, deethylatrazine, deisopro-
pylatrazine, dealkylatrazine and hydroxyatrazine, in a Western
Tennessee soil. Environ Toxicol Chem 10:347-354. doi:10.1897/
1552-8618(1991)10[347:DABRFO]2.0.CO;2

Yassir A, Lagacherie B, Houot S, Soulas G (1999) Microbial aspects of
atrazine biodegradation in relation to history of soil treatment.
Pestic Sci 55:799-809. doi:10.1002/(SICI)1096-9063(199908)55:
8<799::AID-PS12>3.0.CO;2-P


http://dx.doi.org/10.1007/s00128-003-9106-4
http://dx.doi.org/10.1016/S0045-6535(98)00510-4
http://dx.doi.org/10.2134/jeq2007.0448
http://dx.doi.org/10.1016/S0045-6535(99)00244-1
http://dx.doi.org/10.1080/03067319608045558
http://dx.doi.org/10.1080/03067319608045558
http://dx.doi.org/10.2134/jeq2006.0477
http://dx.doi.org/10.1002/ps.1098
http://dx.doi.org/10.1016/j.envpol.2003.08.012
http://dx.doi.org/10.1614/WS-07-015.1
http://dx.doi.org/10.1021/jf970423t
http://dx.doi.org/10.1128/AEM.67.12.5403-5409.2001
http://dx.doi.org/10.1128/AEM.67.12.5403-5409.2001
http://dx.doi.org/10.1016/S0168-6496(03)00127-2
http://dx.doi.org/10.1007/s00253-001-0862-y
http://dx.doi.org/10.1007/s00253-001-0862-y
http://dx.doi.org/10.1897/1552-8618(1991)10[347:DABRFO]2.0.CO;2
http://dx.doi.org/10.1897/1552-8618(1991)10[347:DABRFO]2.0.CO;2
http://dx.doi.org/10.1002/(SICI)1096-9063(199908)55:8%3c799::AID-PS12%3e3.0.CO;2-P
http://dx.doi.org/10.1002/(SICI)1096-9063(199908)55:8%3c799::AID-PS12%3e3.0.CO;2-P

	Laboratory Degradation Studies of 14C-Atrazine �and -Isoproturon in Soil from Sugarcane Cultivated �Fields Under Kenyan Tropical Conditions
	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


