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ABSTRACT. A chlorpyrifos (CPY)-degrading bacterial strain was isolated from an activated sludge sam-
ple collected from the Damascus Wastewater Treatment Plant, Syria. The isolation of Klebsiella sp. was
facilitated by the addition of CPY at a rate of 3.84 g/L of sludge weekly (selection pressure). Identification
of Klebsiella sp. was done using major staining and biochemical differentiation tests (Gram stain, cytochro-
me oxidase and some relevant saccharide fermentation tests using biochemical assays). Klebsiella sp. was
maintained by culturing in a poor medium consisting of mineral salts and CPY as the sole carbon source.
When 3 activated sludge samples were incubated in the presence of CPY (13.9 g/L sludge), 46 % of added
CPY were degraded within 4 d. By comparison, within 4 d the isolated Klebsiella sp. was found to break
down 92 % of CPY when co-incubated in a poor mineral medium in which CPY was the sole carbon source
(13.9 g/LL poor medium). Isolated Klebsiella sp. was able to tolerate up to 17.3 g of CPY in the poor me-
dium.

Abbreviations

CPY chlorpyrifos [(O,0-diethyl-O-(3,5,6-trichloro-2-pyridyl)phosphothioate]

TCP 0-(3,5,6-trichloro-2-pyridyl)phosphothioate
DWTP  Damascus Wastewater Treatment Plant GC gas chromatography
EC emulsifiable concentrate MSM mineral salt medium

CPY is a broad spectrum insecticide used worldwide in agriculture (Cho et al. 2002). It was intro-
duced in 1965 (Hayes and Laws 1990), and originally used to control mosquitoes in the immature larval stage;
however, it is no longer registered for this purpose. CPY is effective in controlling a variety of insects,
including cutworms, corn rootworms, cockroaches, grubs, flea beetles, flies, termites, fire ants, and lice (US
EPA 1986). It was used as an insecticide on grain, cotton, fruit, nut and vegetable crops, as well as on lawns
and ornamental plants (Hayes and Laws 1990); it is available in emulsifiable concentrate, dust, flowable, pel-
let, spray, granular and wettable powder formulations (Meister 1992).

Microbial degradation of organophosphate pesticides is of particular interest because of the high mam-
malian toxicity of such compounds and their widespread and extensive use (Singh ez al. 2004). Some organo-
phosphate pesticides, such as parathion, were shown to be degraded by bacteria (Singh et al. 2003). More-
over, a strain of Pseudomonas putida capable of hydrolyzing methylparathion and of using 4-nitrophenol as
the sole carbon source was isolated from soil (Rani and Kumari 1994). Although CPY has been in use as an
agricultural household insecticide for a long time, attempts to isolate a CPY-degrading bacterial strain have
until recently failed. The resistance of CPY to enhanced degradation in soil was attributed to this failure
(Singh et al. 2004). It was suggested that the accumulation of TCP (with antimicrobial properties) prevents
the proliferation of CPY-degrading microorganisms in soil (Racke et al. 1990). CPY was reported to be co-
metabolically degraded in liquid media by Flavobacterium sp. and Escherichia coli clone (Richnis ef al. 1997,
Wang et al. 2005). However, these microbes do not utilize CPY as energy source. The degradation of CPY
was demonstrated in mineral-salt medium by Arthrobacter sp. which was initially isolated from methylpara-
thion-enriched soil (Mallick et al. 1999).

The objective of the present study was to isolate and identify CPY-resistant bacteria from activated
sludge samples collected from DWTP. Also, the study sought to assess the ability of the isolated strain to
degrade CPY and to determine the tolerance level of the isolated strain to CPY.
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MATERIALS AND METHODS

Chemicals. CPY (EC) for commercial use, 480 g/L, was obtained from the local market. Technical
grade CPY (99.3 %) was obtained from the Institute of Industrial Organic Chemistry, Poland. Solvents were of
residue grade and were obtained from Merck.

CPY extraction. CPY was extracted using the liquid-liquid extraction method. Fifty mL of CH,Cl,
were added to 5 mL of CPY-containing culture medium in a separation funnel. The mixture was vigorously
shaken for 5 min and left to stand until phase separation took place. The CH,Cl, layer (bottom layer) was
passed through anhydrous Na,SOy4 on a Whatman filter paper no. 1 into a 200-mL round-bottom flask. The
sample was extracted twice, the extracts were combined and concentrated on a rotary evaporator at 40 °C
under vacuum. The extract was evaporated to dryness using N, stream, the volume being adjusted to 1 mL
with Me,CO. CPY extraction efficiency was determined by preparing a 250-mL sludge sample spiked with
3.84 g/L CPY in 3 replicates and extracting them (see above). The extraction efficiency of CPY from sludge
was 79, 81, and 80 % for the 3 replicates.

CPY analysis. The extracts containing CPY were analyzed by GC using the Agilent 6890 apparatus;
the initial column temperature was 60 °C with the initial hold time of 1 min; temperature raised by 25 K/min
up to 200 °C with a final hold time of 7 min; injector temperature 200 °C, N, flow rate 3 mL/min, injection
volume 1 pL; injections were delivered into a DB-35MS GC column: 30 m X 0.32 mm i.d., 0.25 mm film
thickness. Detection of CPY was achieved by using a flame photometric detector: H, flow rate 75 mL/min,
air flow rate 100 mL/min, detector temperature 250 °C.

Isolation and characterization of a CPY-degrading bacterium. A sample of activated sludge was
collected from the DWTP. The sludge sample was exposed to CPY-selection pressure by weekly addition of
3.84 mg/mL of CPY to activated sludge sample (250 mL). The choice to use a high concentration of CPY
for selection pressure (3.84 mg/mL per week) was to enhance the selection pressure, thereby reducing the
number of surviving species and only to obtain the organisms that were able to withstand such a high con-
centration. At weekly intervals and before the weekly addition of CPY, an activated sludge sample was
streaked on Mackonkey (HiMedia M001) and nutrient agar media (HiMedia M081) for anaerobic and aero-
bic bacteria cultivation, respectively. The isolated species were identified and differentiated by observing the
colors and morphological characteristics indicative of their colonies according to the HiMedia product
information manual descriptions.

For the isolation, detection, and distinguishing of some relevant important coliform species (such as
Enterobacter sp., Klebsiella sp. and E. coli), Mackonkey agar was used. Incubations were carried out at
37 °C for 1 d according to APHA (1995). Confirmation of the isolated bacteria and identification by some
major staining and biochemical differentiation tests, including Gram staining, cytochrome oxidase and some
fermentation tests of relevant saccharides were done according to APHA (1995). The isolated strain was ini-
tially examined by means of Gram smear and colonial morphology. Cytochrome oxidase test was performed
to determine if the organism produces this enzyme if present in a large amount; cytochrome oxidase will
react visibly with N,N,N',N’-tetramethyl-1,4-benzenediamine which gets oxidized into indophenol produc-
ing a deep purple color. Therefore, the test reagent is soaked into a Whatman filter paper no. 1, a loopful of the
organism is rubbed on the filter paper; the presence of cytochrome oxidase is indicated by the formation of
a purple color. Saccharide fermentation test was performed by the inoculation of the isolated strain into a me-
dium consisting of a saccharide, basal nutrients, and phenol red. The inoculated media were incubated for 1 d
at 37 °C. The persistence of red color in the inoculation medium indicates that the isolate is a non-fermenter,
whereas the development of yellow color with no bubble formation indicates the occurrence of a fermentat-
ion process with no acid production. The development of yellow color and the formation of bubbles indica-
tes a fermentation process with acid production.

Confirmation of the identity of the bacterial isolate was done using the Thermolab Reader and a Bac-
terial Sensitivity Program (Merlin, Finland).

Degradation of CPY by activated sludge vs. isolated Klebsiella sp. The MSM used to investigate
the capability of an isolated strain of Klebsiella sp. to degrade CPY consisted of (mg/L): MgSQO4 0.15, KCl1
0.5, NayHPO4 0.01 dissolved in 1 L of distilled water and sterilized in the autoclave. For degradation study,
3 replicates of 250 mL of MSM were inoculated with 103 cells per mL of isolated strain and supplemented
with 2 mL of CPY (EC), its final concentration being 3.84 g/L. Controls were 3 replicates of 250 mL of
MSM supplemented with 2 mL of CPY (EC) but not inoculated with Klebsiella sp. For activated sludge
degradation capability, 3 replicates of activated sludge (250 mL each) were supplemented with 2 mL of CPY
(EC). Control consisted of 3 replicates of sterilized activated sludge supplemented with 2 mL of CPY (EC).
Sterilization of activated sludge was achieved by placing it in an autoclave (120 °C, 103 kPa, 20 min). The
two experiments, i.e. comparison of activated sludge CPY degradation vs. the control, and Klebsiella sp. de-
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gradation of CPY vs. the control were performed in a single run. Samples were placed in a water bath with
shaking at 37 °C. Five mL of each replicate were taken for CPY analysis every day. Percentages of CPY
degradation were calculated based on the amount present in each sampling period for each replicate com-
pared with the initial amount of CPY.

Tolerance of isolated CPY-degrading bacterium to CPY. For determining the tolerance of isolated
CPY-degrading bacterium to chlorchlorpyrifos, 103 cells per mL of isolated, acclimated strain were inocula-
ted into 100 mL of MSM medium. CPY (9.6 g/L) was added to the inoculated medium daily. The viability
of the acclimated strain was detected daily by culturing on Mackonkey agar.

Statistical analysis. Biodegradation of CPY in the 2 sets of control samples and those of Klebsiella
sp. and activated sludge were subjected to repeated measures ANOVA analysis using StatView Statistical
Program (4bacus Concepts 1996). Results of sludge degradation of CPY were compacted with their cor-
responding controls and compared with the results of Klebsiella sp. degradation of CPY with their correspond-
ing controls. ANOVA test was performed with Fisher’s LSD test at a 1 % level.

RESULTS

A bacterium was isolated from an activated sludge sample that was able to withstand a selection
pressure of weekly addition of CPY (3.84 g/L). During 4 weeks, the selection of CPY pressure (i.e. the addition
of 3.84 g of CPY in total) yielded only one isolate that continued to grow on Mackonkey agar medium. The
isolated strain was described as G~ mucoid rods. It is a sugar-fermenting bacterium and a non-acid gas pro-
ducer. Biochemical tests showed that it belongs either to Aderobacter sp. or to Klebsiella sp. However, the
gelatin test and bacterial sensing-plate-reader tests confirmed that it belongs to Klebsiella sp. Isolated bac-
teria continued to grow under selection pressure conditions by culturing in a poor medium containing CPY.
Four d following inoculation of mineral culture medium (poor medium) supplemented with CPY (3.84 g/L)
with 10 cells per inoculum, the concentration of cells increased to reach the order of 108, an indication that
the strain was able to utilize CPY as a source of carbon for growth and multiplication. This was accompa-
nied by degradation of CPY.

Table I top shows the fate of CPY when incubated with activated sludge samples. Mean percen-
tages of CPY degradation in the controls, where CPY was incubated with sterilized activated sludge, was
very low and it ranged from 0.8 % for the 1st d to 3.5 % for the 4th and final day. However, when incubated
with activated sludge (treatment), the mean percentages of CPY degradation were 12, 19, 33 and 49 % for
days 1, 2, 3, and 4.

Table I. Chlorpyrifos (concentration ¢, g/L; mean + SD) degradation by an activated sludge sample?

Control Treatment*
Time, d
c degradation, % c degradation, %
Activated sludge sample
0 3.84 0 384e Oe
1 3.81+£0.004 0.80+£0.10 337+0.06d 123+1.53d
2 3.78 +£0.01 1.50+0.34 3.11+0.04¢ 19.0£1.00 ¢
3 3.74 £ 0.005 2.67+0.12 2.56+0.06 b 333+£1.53b
4 3.70+0.01 3.53+0.15 1.97+0.06 a 48.7+153a
Kiebsiella sp.%¢
0 3.84 0 384e Oe
1 3.80+0.01 0.97+0.15 2.69+0.04d 30.0+£1.00d
2 3.79+0.01 1.40+0.20 1.80+0.04 ¢ 53.0+£1.00c
3 3.75+0.01 2.33+0.21 1.04+£0.04b 73.0+1.00 b
4 3.71 +£0.005 3.33+£0.12 0.29+0.06 a 923+1.53a
3From Damascus Wastewater Treatment Plant. bChlorpyrifos was added to activated sludge samples.
CThree replicates per treatment. dYsolated from an activated sludge sample.

€Cultured in poor medium (mineral salts) with chlorpyrifos as the sole carbon source.

*Values followed by different letters within each column are significantly different at 1 % level according to the LSD test.
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Incubation of CPY with Klebsiella sp. isolated from activated sludge following selection pressure
exerted by the constant addition of CPY resulted in a higher degradation of CPY and at a faster rate. Table I
bottom shows the mean percentages of CPY degradation by isolated Klebsiella sp. grown on mineral (poor)
culture medium supplemented with CPY as the sole carbon source. By the 1st d an average of 30 % of added
CPY has already been degraded compared to 12 % degradation observed in the 1st d when CPY was incu-
bated with activated sludge. Mean percentages of CPY degradation by the isolated Klebsiella sp. increased
to reach 53, 73 and 92 % for the 2nd, 3rd and 4th d, respectively. Differences in CPY degradation between
the days were significantly different at a 1 % confidence level according to the LSD significance test. For
the controls, CPY degradation ranged between 0.97 and 3.3 % only.

Isolated Klebsiella sp. grown on a poor medium supplemented with CPY as carbon source was able
to withstand relatively high concentrations of CPY. It could grow in the presence of 173 g of CPY in 1 L of
poor culture medium (i.e. 173 g/L) to which CPY was added at a rate of 9.6 g/L per day.

DISCUSSION

Activated sludge is a suitable medium for growth of various microbial species. We used a selection
pressure of CPY in order to find CPY-degrading bacteria. The use of selection pressure is a common approach
to isolate pesticide-degrading organisms. It was used for different applications ranging from anaerobic bio-
degradation of chlorophenols in acclimated sludge (Boyd and Shelton 1984), to isolation from soil of bacte-
ria and fungi capable of degrading various types of pesticides (Richards ef al. 1997; Singh et al. 2003; Hashimi
et al. 2004; Wang et al. 2005). Some papers reported the isolation of CPY-degrading organisms from soil
(Singh et al. 2004; Yang et al. 2005; Ajaz et al. 2005; Yu et al. 20006).

Our study is the first report on the isolation of CPY-degrading bacteria from activated sludge.
Although CPY is said to be resistant to enhanced degradation (Racke ef al. 1990; Singh et al. 2003), the ex-
tended use of CPY for many years may permit some opportunistic microorganisms to develop the capability
to use this toxic compound as an energy source for their survival as reported with organochlorine pesticides
(Singh et al. 2000) and with a bacterial strain capable of degrading CPY that was isolated from Australian
soil where CPY had been in use for 15 years (Singh et al. 2004). In Syria, CPY was introduced 20 years ago
(Directorate of Plant Protection, personal communication), and it is used extensively in agricultural and in
public health application. Our bacterial strain was isolated from activated sludge taken from DWTP, in which
drainage water from Damascus and greater Damascus area is treated.

The selection pressure applied by us has facilitated the isolation of one of these organisms, and
improved its capability to use this compound as energy source compared to its capability before selection
pressure. Mean percentage of CPY degradation by isolated Klebsiella sp. reached 92 % within 4 d (Table I
bottom), compared to 48 % degradation within the same period of CPY exposure to activated sludge (Table I
top). Singh et al. (2004) reported that a soil-isolated Enterobacter strain was capable of complete degradat-
ion of CPY at a concentration of >250 mg/L in less than 2 d. In this paper, 53 % of CPY at 3.84 g/L. were
degraded within 2 d, this being equivalent to >2 g/L.. The difference in the degradation capability of Kleb-
siella sp. observed here compared to that of Enterobacter sp. (Singh et al. 2004) may be attributed to the
difference in the selection pressure to which each of the two bacteria was subjected. Singh et al. (2004) iso-
lated their Enterobacter strain from a soil that was subjected to 25 mg/kg CPY, thrice at an interval of 9 d,
totaling 75 mg/kg on the 27th d after which they isolated their Enfterobacter sp. that was capable of degrad-
ing 250 mg/L in less than 2 d.

In the present study, activated sludge was subjected to 3.84 g/L CPY, at weekly intervals for 4 weeks,
totaling 12.4 g in 4 weeks after which a Klebsiella sp. strain was obtained and was capable of degrading
2 g/L in 2 d. Klebsiella sp. isolated by us showed a high tolerance to CPY in comparison with tolerance
reported by Ajaz et al. (2005). They reported the isolation of 3 bacterial strains capable of CPY degradation,
and that the isolated strains, viz. Pseudomonas, Aeromonas and Klebsiella tolerated 2, 4, and 8 g/L. of CPY,
respectively. Klebsiella sp. isolated here tolerated 173 g/L of CPY in MSM. This difference might be attri-
buted to the high amount of CPY (3.84 g/L per week) used in the selection pressure which made the isolated
Klebsiella sp. more tolerant and adapted to high concentrations of CPY.

A follow-up of this work should concentrate on whether the strain is capable of degrading TCP, to
examine the degrading capability of the strain using 14C-labelled CPY to determine the amount of CPY
which is degraded to 14CO,, the performance of the strain in the presence of other carbon sources, the best
temperature and pH for optimum performance of the isolate and the enzymic activity of the Klebsiella strain
in terms of CPY degradation.



2007 BIODEGRADATION OF CHLORPYRIFOS BY Klebsiella sp. 427

The authors thank Prof. I. Othman, Director General of Atomic Energy Commission of Syria, for support and encouragement.
The assistance of Mr. A.A. Naser and Miss A. Daher is also greatly appreciated.

REFERENCES

Abacus Concepts. Statview 4.5 Statistical Program. Abacus Concepts Corporation, Berkeley (CA, USA) 1996.

AJAZ M., JABEEN N., AKHTAR S., RASOOL S.A.: Chlorpyrifos resistant bacteria from Pakistani soils: isolation, identification, resistance
profile and growth kinetics. Pak.J.Bot. 37, 381-388 (2005).

American Public Health Association (APHA): Standard Methods for the Examination of Water and Wastewater, 19th ed. American
Public Health Association, New York 1995.

BOYD S.A., SHELTON D.R.: Anaerobic biodegradation of chlorophenols in fresh and acclimated sludge. Appl.Environ.Microbiol. 47,
272-277 (1984).

CHO C.M.-H., MULCHANDANI A., CHEN W.: Bacterial cell surface display of organophosphorus hydrolase for selective screening of
improved hydrolysis of organophosphate nerve agent. Appl. Environ.Microbiol. 68, 2026-2030 (2002).

FENG Y., RACKE K.D., BOLLAG J.M.: Isolation and characterization of a chlorinated pyridinol-degrading bacterium. Appl. Environ.
Microbiol. 63, 4096-4098 (1997).

HAsHIMI L., KHAN M.A., JONG-GUK K.: Malathion degradation by Pseudomonas using activated sludge treatment system (biosimula-
tor). Biotechnology 3, 82—89 (2004).

HAYES W.J., LAWS E.R.: Handbook of Pesticide Toxicology, Vol. 3. Classes of Pesticides. Academic Press, New York 1990.

MALLICK B.K., BANERII A., SHAKIL N.A., SETHUMATHAN N.N.: Bacterial degradation of chlorpyrifos in pure culture and in soil. Bull.
Environ.Contam.Toxicol. 62, 4855 (1999).

MEISTER R.T.: Farm Chemicals Handbook ’92. Meister Publishing, Willoughby (USA) 1992.

RACKE K.D., LASKOWSKI A., SCHULTZ M.R.: Resistance of chlorpyrifos to enhanced biodegradation in soil. J.Agric.Food Chem. 38,
1430-1436 (1990).

RANIN.L., LALITHA D.-K.: Degradation of methyl parathion by Pseudomonas putida. Can.J.Microbiol. 4, 1000-1004 (1994).

RICHARDS N.K, BouL H.L., AISLABIE J.M.: Microbial degradation of DDT and its residue. New Zealand J.Agricul Res. 40, 269282
(1997).

RICHNIS R., KANAEVA 1., MULCHANDANI A., CHEN W.: Biodegradation of organophosphorus pesticides using surface-expressed organo-
phosphorus hydrolase. Nature Biotechnol. 15, 984-987 (1997).

SINGH B.K., KUHAD R.C., SINGH A., TRIPATHI K.K., GHOSH P.K.: Microbial degradation of the pesticide lindane (y-hexachlorocyclo-
hexane). Adv.Appl.Microbiol. 47,269-298 (2000).

SINGH B.K., WALKER A., MORGAN W.A., WRIGHT D.J.: Effect of soil pH on the biodegradation of chlorpyrifos and isolation of chlor-
pyrifos-degrading bacterium. Appl. Environ.Microbiol. 69, 51986206 (2003).

SINGH B.K., WALKER A., MORGAN J.A.W., WRIGHT D.J.: Biodegradation of chlorpyrifos by Enterobacter strain B-14 and its use in
bioremediation of contaminated soils. Appl. Environ.Microbiol. 70, 4855-4863 (2004).

US EPA: Information sheet: Cape cod golf course monitoring project. Office of Pesticide Programs, Washington (DC) 1986.

WANG L., ZHANG L., CHEN H., TIAN Q., ZHU G.: Isolation of a triazophos-degrading strain Klebsiella sp. E6 effectively utilizing triazo-
phos as a sole nitrogen source. FEMS Microbiol.Lett. 253, 259-265 (2005).

YANG L., ZHAO Y.H., ZHANG B.X., ZHANG X.: Isolation and characterization of a chlorpyrifos-degrading bacteria and its bioremediat-
ion application in soil. Wei Sheng Wu Xue Bao 45, 905-909 (2005).

YU Y.L., FANG H., WANG X., WU X.M., SHAN M., YU J.Q.: Characterization of a fungal strain capable of degrading chlorpyrifos and its
use in detoxification of the insecticide on vegetable. Biodegradation, in press (2006).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages 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 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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


