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Abstract The toxicity of trichloroethylene was tested in

both glass enclosures and in polystyrene immunological

plates, and resulted in insignificant correlation of EC50

(evaluated as OD 750 nm). In enclosures, EC50 evaluated

as O2 evolution and as pH increment was highly signifi-

cant. The optimal time for the assay of TCE in enclosures

was 48–72 h; and in plates ca 200 h. After a longer time

(e.g. 300 h) TCE diffused from the plates and growth was

revived. TCE in low concentrations (ca. 0.1–0.2 g/L)

stimulated the growth of some tested organisms, both in

plates and in enclosures. Toxicity occurred from ca.

0.35–0.6 g/L (EC50). The testing procedure in enclosures

was a suitable method for some volatile substances, giving

rapid results.

Keywords Algae � Cyanobacteria � Toxicity �
Trichloroethylene

Trichloroethylene (TCE) is a chlorinated aliphatic hydro-

carbon, and one of the most widely produced organochlo-

rine compounds, with annual world production of 106 tons

(Pearson and McConnell 1975). It is primarily used for

vapour-phase degreasing in metals fabrication, cold-metal

cleaning, in the manufacture of organic chemicals, dry

cleaning, and as a solvent (Horst 1985; Ward et al. 1986). It

has been detected in soil, the aquatic environment, in

organisms, and in drinking water (Pearson and McConnell

1975; Bringmann and Kühn 1980; Horst in Cairns 1985).

The half-life of TCE in water is 2.6–6 years, and in soil

2–18 months; which demonstrates that is poorly degraded

in water and soil (Inderjit and Kakuta 2003). Because of

the slow biodegradation in soil and water, TCE may be

responsible for long-term ecotoxic effects; it is classified as

a carcinogen and mutagen of classes 2 and 3 for vertebrates

(US EPA 1980; Reith et al. 2009). TCE is very volatile, its

vapour pressure is 100 mm Hg at 20�C (Verschueren

2001).

TCE was found in the Czech Republic, e.g. in the water-

basin of both the Tichá and Divoká Orlice rivers (Dittrt and

Chvátil 1993) with concentrations up to 1.09 mg/L. The

US EPA recommended max. concentration should not

exceed 0.005 mg/L, in drinking water (Reith et al. 2009),

and 6.7–0.67 mg/L as PEC (probable no-effect concentra-

tion) for river case (Euro Chlor).

Although TCE is widely distributed, only limited data

have thus far been published on TCE toxicity and its

influence on algae growth (Pearson and McConnell 1975;

Bringmann and Kühn 1978, 1980; Biggs et al. 1979; Ward

et al. 1986; Tadros et al. 1994; El-Jay 1996; Håkanson

1999; Ando et al. 2003).

The aim of the study was to test the effects of TCE on

the growth of several cyanobacteria and algae strains

grown in the laboratory and to compare a rapid exposure
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assay tested in enclosures to that of a growth assay tested in

polystyrene immunological plates (Wells et al. 1998).

Materials and Methods

Cultures of green algae Chlamydomonas reinhardtii strain

UTEX 2246 137c mt?, Chlorella kessleri strain LARG/1,

Desmodesmus subspicatus (syn. Scenedesmus subspicatus)

strain 1953/SAG 86, Desmodesmus quadricauda (syn.

Scenedesmus quadricauda) strain GREIFSWALD/15,

Raphidocelis subcapitata (syn. Pseudokirchneriella sub-

capitata, Selenastrum capricornutum) strain SKULBERG

1959/1, and the cyanobacteria Synechococcus elongatus

f. thermalis strain KOVROV 1972/8, Synechococcus leo-

poliensis strain KRATZ-ALLEN/UTEX 625 (syn. Ana-

cystis nidulans), and Microcystis aeruginosa strain

ZAPOMELOVÁ 2006/2 were supplied from the Culture

Collection of Autotrophic Organisms at Trebon, CZ.

Starting concentrations of inocula in wells were

0.02–0.04 g/L of dry weight. Nutrient solution ‘‘Z’’, after

Zehnder in Staub (1961), was spiked with TCE: 100 mg

was dissolved in 2 mL of methanol (Lachema, CZ), and

then added to 100 mL of sterile Z medium. Controls

received an equal volume of methanol. This solution was

diluted to the desired concentrations by an identical

nutrient solution, but without either TCE or methanol.

Assay in immunological plates was evaluated according

to LUKAVSKÝ (1992): immunological plates, polystyrene,

9 9 12 cm with 96 wells, FB of 0.25 mL (Novogen, CZ);

sealed with the polyethylene foil (ALU-FIX Austria, for

food wrapping); and also covered with lids; irradiated with

fluorescent tubes F33 cool white 36 W (Tungsram, H) by

PhAR (Photosynthetically Active Radiation, 370–720 nm)

40 W/m2 (=200 lM/m2/s); at 30�C temperature; and CO2

2% (v/v). OD in plates were evaluated under an iEMS

reader (Labscale, SF) at wavelength 750 nm, and the

optical density was converted to dry weight after individual

conversion curves for each species. EC50 (the concentra-

tion of a tested substance at which the cell density, bio-

mass, O2 production or pH increment is 50% of that of the

untreated algae) was determined graphically according to

standard ISO (2004) omitting the stimulation peaks. In

addition, growth curves plotted as time—dry weight or OD

750, can indicate EC50 as concentration when cell number

is constant, and stabilized. Six replicates were measured,

for OD evaluation, error bars are plotted as ± sx = H
(nRx2 - (Rx)2/n2).

Assay in glass enclosures were performed according to

ISO/DIS 14442 (1998) the glass enclosures (volume of

1.5 mL), were sealed with silicone stoppers coated with

Teflon on the inner side (screw top vials, Supelco, USA).

An identical nutrient solution was used, as described

above, but also spiked with 3 g/L KHCO3 (source of

inorganic carbon). The inoculum of 0.04–0.06 g/L of dry

weight was higher because of a shorter exposition time.

The enclosures were exposed horizontally under the same

light intensity and temperature as the plates and shaken 10

x/day. Every day, 0.2 mL was measured into 6 replicate

wells in an immunological FB plate, and the OD 750 nm

was measured identically as in the previous protocol. O2

concentrations were measured by a polarographic Clark-

type oxygen sensor, and pH by a miniaturized combined

electrode, both joined to a MEM 102 multimeter

(Chemoprojekt Satalice, CZ), the measurements were

performed with no replicates.

Results and Discussion

In enclosures, Chlorella kessleri, without TCE, reached a

stationary phase at 72 h. At longer times, we expected the

depletion of carbon, and the inhibition of photosynthesis by

an excess of O2. Toxicity curves from 48 and 72 h were

similar in the majority of graphs (Fig. 1). The optimal

times, 48–72 h agreed with the 72 h, set in ISO/DIS 14442

(1998). During this time period, we observed ca. 1 division

of the cells (OD750 started as 0.14 and increased to 0.22

for Chlorella kessleri). In plates, the cultivation times were

longer and after approximately 1, 000 h a stationary phase

(where population is stable) was reached in which the

increments of all counts and dry weight is constant. During

this time period, we observed that 3 generations (OD750 of

control increased from 0.1 to 1.0 for Chlorella kessleri) of

algae were produced, and the 3 complete life cycles were

running satisfactorily under the treatment with TCE.

Enclosures showed, for some algae, a stimulation of

growth in TCE at concentrations of about 0.1 g/L (Fig. 1a, c)

except Chlamydomonas reinhardtii where the stimulation

was ca. 0.3–0.4 g/L (data not presented). After 0.1 g/L, in

the majority of response curves, there was a sharp decrease,

but never to zero. OD values were measured up to a con-

centration 1 g/L of TCE, which is near its saturation limit

in water (1.36 g/L at 25�C). Photosynthesis, evaluated as

both the alkalization of nutrient solution (pH increment)

and O2 production (Fig. 2), also showed stimulation at ca

0.1 g/L, and the end of metabolic activity at approximarely

0.5 g/L of TCE. These photosynthetic endpoints were

slightly less sensitive than growth. Response curves at 48

and 72 h were almost identical.

Plates responded in a similar way as enclosures, with an

optimal time of approximately 200 h. However, Chlorella

kessleri exhibited no stimulation (Fig. 3a) (also, in enclo-

sures the stimulation was small, Fig. 1c). Chlamydomonas

reindhardtii and Desmodesmus quadricauda, as well as

Chlorella kessleri (data not presented) started new growth
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(at 336 h of cultivation) along the entire concentration

gradient of TCE. This may have been due to loss of TCE

from the plates. The most sensitive (for plates) proved to be

Raphidocelis subcapitata and Desmodesmus subspicatus

(Fig. 3b, d). We were not able to determine if the growth

over a long time period was the result of the regeneration of

all cells in the population or from the overgrowth of the

small proportion of naturally resistant cells.

EC50 values for the tested algae ranged from 0.24 to

0.8 g/L TCE (Table 1). The arithmetic means for EC50

values were 0.42 for tests performed in polystyrene plates

and 0.50 g/L, for tests performed in glass enclosures. These

means of EC50 values were no significantly different

(t = 0.22, P5% = 2.2). Likewise, mean EC50 values as

determined from measurements of oxygen evolution or pH

change with TCE exposures, in enclosures, were not sig-

nificantly different (t = 0.096, P5% = 2.13).

There was not significant correlation between EC50

evaluated as growth assays in plates and in enclosures

(evaluated as OD 750 nm, r = 0.36, P 5% = 0.73, n = 6,

Owen 1962). The correlation between assays after O2

concentration and pH increment, in enclosures, was highly

significant (r = 0.95, P 1% = 0.75, n = 9, Tab. 1.)

Additionally, O2 and chlorophyll a are in a good correla-

tion (data not presented). Coefficient of variation of an

OD750 in the growth assay was 11.6% (arithmetic mean

for the whole assay), and 5.9% for an OD750 from

enclosures. The optimal time for the assay of TCE in

enclosures was 48–72 h; and in plates ca 200 h.

Stimulation effects of TCE is prominent in some of the

algae tested, in both methods of testing, enclosures and

plates, (Fig. 1a, c, Fig. 2—Desmodesmus subspicatus,

Fig. 3b–d). The exception was Chlorella kessleri, which

was tested in plates (Fig. 3a). The stimulation is in con-

cordance with Tadros et al. (1994); however, the mecha-

nism of this stimulation has not been studied yet.

Assay in enclosures, and growth assay in plates each

have their own merits. The shorter time for enclosures

(48–72 h) vs 200 h in immunological plates, is one obvious

advantage. On the other hand, when using miniaturized

enclosures it is a disadvantage that it is necessary to use the

whole tube for one evaluation of pH, O2 and OD (for the
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Fig. 1 Dry weights for three species of green algae exposed to TCE in glass enclosures. Data are means ± sx�, evaluated as an exposure assay in

enclosures
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latter it is necessary to transfer the suspension into the cell

of spectrophotometer). Growth is slower on immunological

plates, but it is possible to read the OD directly in the wells

repeatedly. It is a non-destructive and very rapid mea-

surement. Miniaturized sensors and electrodes exist, which

are capable of measuring pH and O2 directly in wells.
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Fig. 2 O2 evolution and pH

level for two species of green

algae and one cyanobacterial

species to TCE in glass

enclosures
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The EC50 of TCE was reported to be 8 mg/L for the

unicellular marine diatom Phaeodactylum tricornutum

(Pearson and McConnell 1975). Later Biggs et al. (1979)

showed that 0.05–0.1 mg/L of TCE caused no detectable

effects upon algal growth or size of mixed cultures con-

taining a marine diatom, Thalassiosira pseudonana and a

green brackish flagellate, Dunaliella tertiolecta. A total

lethal concentration equal to 1,000 mg/L TCE for the green

alga, Desmodesmus quadricauda was reported by Bring-

mann and Kühn (1980); but Ward et al. (1986) reported an

EC50 of 95 mg/L TCE for a marine diatom, Skeletonema

costatum. Tadros et al. (1994) examined the effect of

selected solvents on unicellular green algae species to

determine whether they differ in their response to these

chemicals. They concluded that TCE stimulated the green

alga, Gleocystis ampla to almost twice the growth com-

pared to controls, at a concentration of 65.7 mg/L.

Increasing the concentration of TCE (130 and 260 mg/L)

lowered the growth response, but it was still positive.

Nannochloris sp. and Tetraselmis sp. tolerated TCE at all

concentrations, while Scenedesmus obliquus, Chlorococ-

cum sp. and Chlorella ellipsoidea were inhibited with

increasing TCE concentrations. Ando et al. (2003) found a

great difference in the toxicity of TCE, since the growth of

Chlorella vulgaris and Raphidocelis subcapitata was not

influenced up to 3 mg/L, but Volvulina steinii was com-

pletely inhibited from 0.003 mg/L of TCE.
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Fig. 3 Dry weights for four species of green algae and one cyanobacterial species exposed to TCE in polystyrene immunological plates. Data are

means ± sx�

Table 1 EC50 values for TCE from growth assays (dry weight, DW)

in polystyrene plates or glass enclosures, and from measurements of

O2 evolution and pH change in glass enclosures

EC50 of TCE (g/L)

Plates Enclosures

DW DW O2 pH

Chlamydomonas reinhardtii –a 0.52 0.70 0.70

Chlorella kessleri 0.24 0.43 0.70 0.70

Raphidocelis subcapitata 0.45 0.22 0.70 0.70

Desmodesmus quadricauda 0.40 0.50 0.50 0.60

Desmodesmus subspicatus 0.35 0.82 0.40 0.40

Synechococcus elongatus 0.80 0.80 0.60 0.70

Synechococcus leopoliensis 0.30 0.60 0.48 0.45

Microcystis aeruginosa –a 0.13 0.10 0.25

Arithmetic mean 0.42 0.50 0.53 0.56

Student test 0.52 0.13

Correlation 0.36 0.95

–a Not clearly expressed, and for that reason an EC50 value was not

evaluated
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These data cited above, showed wide variations in

responses to TCE, from 0.008 to 1 g/L, among individual

species of cyanobacteria, green algae, and diatoms. In our

experiments, different species exposed under identical

conditions, showed a much smaller range (0.24–0.8 g/L),

which highlights the importance of standardizing both the

testing protocol and cultivation conditions.
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Staub R (1961) Ernährungsphysiologisch autökologische Untersuch-

ungen an der planktonischen Blaualge Oscillatoria rubescens
DC. Schweizerische Z Hydrol 23:83–198

Tadros MG, Philips J, Patel H, Pandiripally V (1994) Differential

response of green algal species to solvents. Bull Environ Contam

Toxicol 52:333–337

U.S. Environmental Protection Agency (1980) Ambient water quality

criteria for trichloro-ethylenes. EPA 440/5-80-77

Verschueren K (2001) Handbook of environmental data on organic

chemicals, vol 1–2, 4th edn. Wiley, New York

Ward GS, Tolmsoff AJ, Petrocell SR (1986) Acute toxicity of

trichloroethylene to saltwater organisms. Bull Environ Contam

Toxicol 37:830–836

Wells GP, Lee K, Blaise C (1998) Microscale testing in aquatic

toxicology. CRC Press, Boca Raton

Bull Environ Contam Toxicol (2011) 86:226–231 231

123

http://www.eurochlor.org/trichloroethylene
http://search.epa.gov/ncea/iris/toxreviews/0197tv.pdf

	Toxicity of Trichloroethylene (TCE) on Some Algae and Cyanobacteria
	Abstract
	Materials and Methods
	Results and Discussion
	Acknowledgments
	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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /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 149
  /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 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 149
  /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 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 599
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


