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Abstract The effects of EDTA on the mechanism of

accumulation under Pb2? stress in Typha orientalis Presl

were investigated. The results indicated that addition of the

chelator with Pb limited metal phytotoxicity. The mean

total chlorophyll concentration and protein content were

increased with the addition of EDTA in Pb2? solution. We

also demonstrated a significant effect of EDTA on the

reduced glutathione (GSH) content which was obviously

increased both in leaves and caudices. It was supposed that

EDTA elevated the tolerance of Typha orientalis Presl

under Pb2? stress primarily by increasing the GSH level.

Keywords EDTA � Chlorophyll � Glutathione

(GSH) � Pb2?

Lead is one of the most frequently encountered heavy

metals in polluted environments. The primary sources of

this metal include mining and smelting of metalliferous

ores, burning of leaded gasoline, disposal of municipal

sewage, and industrial wastes enriched in Pb as well as

using of Pb-based paint (Seaward and Richardson 1990).

Lead is also one of the most persistent metals with a soil

retention time of about 150–5,000 years in the environment

(Shaw 1990). Severe Pb contamination may cause a variety

of environmental problems, including loss of vegetation,

groundwater contamination, and Pb toxicity in plants,

animals, and humans (Huang et al. 1997).

Phytoremediation is of growing interest because of its

low environmental impact and cost-effectiveness, even if a

longer time is required for treatment (Shivendra and Natalie

2002). In addition to natural plant adaptation, the addition

of synthetic chelators and soil acidifiers can enhance phy-

toremediation (Li et al. 2008). Several studies documented

the success of pH adjustments for mobilizing metals (Salt

et al. 1998). Although soil acidification increased metal

mobility, it decreased the microbial activity of the sur-

rounding area (Cornish and Goldberg 1995; Chen 2000).

Only the addition of synthetic chelators has been shown to

increase both the metal mobility within the soil as well as

the uptake through the plant tissue without being irrevers-

ibly toxic to microbial activity (Huang et al. 1997). Huang

et al. further reported that EDTA was the most efficient in

the effectiveness in increasing Pb accumulation in both pea

and corn.

The main aim of this research was to investigate the

effects of Pb2? on the concentration of total chlorophyll,

chlorophyll a (chla), chlorophyll b (chlb) and soluble

protein content and reduced glutathione (GSH) concentra-

tion, as well as the protective role of EDTA on these

parameters in both leaves and caudices of Typha orientalis

Presl, and to offer referenced evidence for an under-

standing of the mechanism by which EDTA ameliorated

the damage to plants by heavy metals and improved the

phytoremediation efficiency.

Materials and Methods

Caudices Typha orientalis Presl, obtained from a mine

tailings of Yongzhou City, Hunan province in March 2006,
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were rinsed thoroughly first with tap water and then with

distilled water, and were then germinated in the dark at

25�C for 7 days. Seedlings 4–5 cm long were transferred in

modified Hoagland nutrient solution in greenhouse

maintained at 25�C/18�C day/night with 70%–80%

humidity and a 14 h photoperiod at approximately

300 lmol m-2 s-1. After growth in the nutrient solution

for 21 days, Healthy and equal-sized seedlings were cho-

sen and aseptically transferred to plastic pots (500 mL)

containing 300 mL of nutrient solution, which was replace

twice a week, and were subjected to 0, 0.15, 0.3 mmol/L

Pb2? treatment with or without 0.1 or 0.5 mmol/L EDTA.

Each pot was incubated 3 plants and each treatment was

replicated 3 times. Leaves and caudices were collected

after 7 days simultaneous EDTA and Pb2? treatment and

washed in 10 mM CaCl2 for 5 min and then in bi-distilled

water. The plant material was frozen in liquid nitrogen and

stored at -80�C for further analysis or directly used in

determination. The experimental design indicating the

different concentrations of Pb2? and EDTA used is out-

lined in Table 1.

Concentrations of chlorophyll a (chla) and chlorophyll b

(chlb) and total chlorophyll (total chl = chla ? chlb), were

calculated using the methodology developed by Arnon

(1949). The protein content was determined according to

Bradford (1976). The reduced glutathione (GSH) content

was assayed according to the methods of the Nanjing

Jiancheng Bioengineering Institute (NJBI). The Pb chem-

ical forms were analyzed by sequential extraction proce-

dure (Yang et al. 1995; Antonovillcs et al. 1971). The

reagents and order for the sequential extractions were 80%

ethanol, deionized water, 1 mol/L NaCl, 2% (v/v) HAc and

0.6 mol/L HCl. Metal concentrations were determined by

flame and atomic absorption spectrometer (Perkin Elmer

AAnalyst 700).

The experiments were performed in triplicate and the

results were the mean ± SD. Analysis of the significance

of difference between control and each treatment was

performed using SPSS statistical software (SPSS, Chicago,

IL, USA).

Results and Discussion

The changes of chla and chlb and total chlorophyll are

shown in Fig. 1. No negative effect of EDTA presence on

the content of chlorophyll was observed. The chlorophyll

content in plants grown in a medium with the addition of

0.1 and 0.5 mmol/L EDTA were at the level similar with

the plants grown in nutrient solution. With increasing Pb2?

concentrations, the content of chla and chlb and total chl all

decreased, except in plants treated simultaneously with

Pb2? and EDTA. Compared with control, EDTA increased

chlorophyll level in leaves, the difference between control

and those treated with 0.1 and 0.5 mmol/L EDTA both

reaching statistical significance (p \ 0.05), whereas the

chlorophyll content declined quite significantly (p \ 0.01)

following treatment with only Pb2?. The ratio of chla to

chlb was increased from 3.626 to 3.921 in control, how-

ever, the ratio dropped from 2.940 to 2.412 with the

addition of 0.1 mmol/L EDTA, and from 3.032 to 2.312

with the addition of 0.5 mmol/L EDTA (Table 2).

From Fig. 2a, it can be seen that the protein content in

both leaves and caudices decreased with an increase in

Pb2? in control plants. However, the protein concentration

in both leaves and caudices was increased after addition 0.1

or 0.5 mmol/L EDTA and this increase was similar. But

EDTA enhanced the protein content greatly in plants

grown in only nutrient solution and was much more

obvious in caudices following the application of 0.5 mmol/

L EDTA. The difference reached statistical significance

(p \ 0.05).

As shown in Fig. 2b, in leaves and caudices of Typha

orientalis Presl treated only with EDTA the level of GSH

remained at the same level as in the plants grown only in

nutrient solution and GSH content was positively corre-

lated with the Pb2? and EDTA concentrations. The GSH

content increased with increasing concentration of Pb2?,

which was much more obvious in caudices than in leaves

of control plants and was markedly higher in caudices than

in leaves regardless of whether plants were control plants

or subjected to EDTA treatment. Compared with control,

EDTA could induce a dose-dependent decrease in GSH

content both in leaves and caudices, the difference between

control plants and those treated with 0.1 or 0.5 mmol/L

EDTA reaching statistical significance (p \ 0.05).

Particular species, and even plant varieties differed as to

the tolerance to the harmful effect of heavy metals and

their ability to accumulate trace metals (Kabata-Pendias

and Pendias 1999). Plant characteristics change according

to the environmental conditions and there were several

possible areas through which lead could penetrate plants.

However, it was commonly that roots were the main

pathway through which trace metal ions penetrated plants.

It was determined that in plants metal uptake at first

Table 1 Experimental design

using different concentrations of

Pb2? (mmol/L) and EDTA

(mmol/L)

Treatment Pb2? EDTA

1 0 0

2 0 0.1

3 0 0.5

4 0.15 0

5 0.15 0.1

6 0.15 0.5

7 0.30 0

8 0.30 0.1

9 0.30 0.5
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stopped on root surface and then a portion of ions which

penetrated roots was bound in cell walls and the rest was

accumulated in the intercellular space (Malone et al. 1974;

Wierzbicka 1987). Our earlier study has also shown that

most of Pb uptake was accumulated in the roots.

EDTA application made it possible to raise the level of

metal translocation to aboveground and Pb accumulation

(Huang et al. 1997). It was demonstrated that Pb was taken

up form the medium or the soil in the form of EDTA

complexes and in this form it entered the plant more easily

(Vassil et al. 1998; Wu et al. 1999).

Total chlorophyll concentration was a unifying parameter

for indicating the effect of specific interventions. However,

it was important to record changes in the two components of

chlorophyll, chlorophyll a (chla) and chlorophyll b (chlb)

and especially their ratio. This was due to the fact that heavy

metals could affect each component at different level cre-

ating changes in some part of plants physiology and not in

others. Figure 1 suggested that the chlorophyll concentra-

tion increased with addition of 0.1 or 0.5 mmol/L EDTA. In

Fig. 1c the mean total chlorophyll concentration was

reduced from 0.939 mg/kg fresh weight to 0.62 mg/kg f.w.

when treated with only Pb. This could be an indication of

some inhibition of growth. However, the chlorophyll con-

centration was increased after adding EDTA.

According to Gadallah (1994); Drazkiewicz (1994);

Abdel-Basset et al. (1995); Sharma and Gaur (1995) and

Ewais (1997), changes in the concentration of chl a and b

and particularly changes in their ratio were an equal

important parameter, which should always been taken

under consideration when estimating the effect of an

environmental parameter in plants. Many studies agreed

that heavy metals accumulation, responsible for the

reduction of total chlorophyll concentration, had a similar

negative affect in the ratio of chla to chlb. This occurs due

to a faster hydrolysis ratio of chla compared with chl b

when plants are under stress (Schoch and Brown 1987;

Drazkiewicz 1994; Abdel-Basset et al. 1995). Table 2

presents the mean ratios of chla to chlb in all treatments.

Additionally monitoring total chl concentration and chla to

chlb ratio can be used as an early warning system for the

toxic effect of metals accumulation in plants.

Soluble protein content was another parameter for

indicating phytotoxicity. In control, the mean protein

content was reduced from 46.581 mg/kg fresh weight to

36.351 mg/kg f.w. in leaves, a probable evidence of inhi-

bition. In caudices, it was reduced from 38.922 mg/kg f.w.

to 32.636 mg/kg f.w.. Whereas, the soluble protein content
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Fig. 1 Effects of EDTA on the

concentrations of a chla, b chlb

and c total chl in leaves of

Typha orientalis Presl under

Pb2? stress. FW, fresh weight

Table 2 Mean ratios of chla to chlb concentration in all treatments

Treatment 0 0.15 mmol/L Pb2? 0.3 mmol/L Pb2?

0 3.626 3.727 3.921

0.1 mmol/L EDTA 2.940 2.479 2.412

0.5 mmol/L EDTA 3.032 2.436 2.312
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was significantly increased when 0.1 and 0.5 mmol/L

EDTA were applied.

In our experiments the application of EDTA at the

concentration of 0.1 or 0.5 mmol/L together with Pb ions

into medium resulted in a significant limitation of the metal

phytotoxic effect. This concerned inhibition of root elon-

gation growth, root coloring, and the appearance of mucus.

There were no literature data on EDTA effect on the

metabolism of thiol compounds in treated plants. Based on

the presented results it could be said that the level of glu-

tathione changes depend on the intensity of a stress factor.

Glutathione synthesized intensely in leaves was most

probably transported to the roots and it was used as a metal

chelator (Mehra and Mulchandani 1995; Piechalak et al.

2000), a substrate for the synthesis of phytochelatins and as

an antioxidant (Noctor et al. 1998). A steady increase in

glutathione level was observed after cultivation of Typha

orientalis Presl with the addition of Pb(NO3) and EDTA.

% and % more GSH were determined in caudices and

leaves of plants incubated with 0.15 mmol/L Pb and 0.1 or

0.5 mmol/L EDTA respectively. 0.3 mmol/L Pb were %

and % more GSH respectively.

The highest tolerance of Typha orientalis Presl culti-

vated with the addition of Pb-EDTA could be associated

with the increased capacity of the GSH de-toxic system. It

was highly probable that the higher amount of glutathione

contributed to lower Pb phytotoxicity, which increased

chlorophyll content and protein content in comparison with

plants cultivated only with lead nitrate (Figs. 1, 2).

De-toxic system was also connected with the emission of

exudates into the rhizosphere, binding metals in cell walls,

chelating ion of metals by organic acids or free aminoacids

and many other mechanisms, with which plants defend

themselves against phytotoxicity of heavy metals.

The toxic effect of heavy metals had an essential sig-

nificance not only for plants but also for the existence of

the whole ecosystem. Plants growing in a contaminated

environment showed disturbances of cell metabolism,

growth reduction, lower biomass production etc. simulta-

neously, these plants had also a number of various defense

mechanisms enabling them to adapt to increasing envi-

ronmental pollution. Plant adaptive abilities were the sub-

ject of intense research aimed at finding applications for

such plants in phytoremediation.

In the present study, applying EDTA obviously ele-

vated chlorophyll and protein content, especially GSH

level, in both leaves and caudices. In conclusion, EDTA

could effectively improve the tolerance of Typha orien-

talis Presl to Pb2? stress by elevating antioxidant GSH

levels.

Acknowledgments The present investigation was supported by the

Natural Science Foundation of Hunan (NO. 04JJ3013) and the

National Basic Research Programs of China (2006CB403403).

a

30

40

50

60

0 0.15 0.3
Pr

ot
ei

n 
co

nt
en

t (
m

g/
g)

b

300

400

500

600

700

800

900

1000

0 0.15 0.3

Pb2+ concentration (mmol/L)

G
SH

 c
on

te
nt

 (
m

g/
g

pr
ot

. F
W

)

Control leaf

Control caudex

0.1 mmol/L EDTA leaf

0.1 mmol/L EDTA caudex

0.5 mmol/L EDTA leaf

0.5 mmol/L EDTA caudex

Fig. 2 Effects of EDTA on the

contents of a soluble protein and

b reduced glutathione (GSH) in

Typha orientalis Presl seedlings

under Pb2? stress. FW, fresh

weight

556 Bull Environ Contam Toxicol (2009) 83:553–557

123



References

Abdel-Basset R, Issa AA, Adam MS (1995) Chlorophylase activity:

effect of heavy metals and calcium. Photosynthetica 31:421–425

Antonovillcs I, Bradshow AD, Turner RG (1971) Heavy metal

tolerance in plants. Adv Ecol Res 7:1–11. doi:10.1016/S0065-

2504(08)60202-0

Arnon DI (1949) Copper enzymes in isolated chloroplasts, polyphe-

noloxidase in Beta vulgaris. Plant Physiol 24:1–15. doi:10.1104/

pp.24.1.1

Bradford MM (1976) A rapid and sensitive method for the

quantitation of microgram quantities of protein utilizing the

principle of protein-dye binding. Anal Biochem 72(1):248–254.

doi:10.1016/0003-2697(76)90527-3

Chen H (2000) Phytoremediation of Cd(II), Cr(III), and Ni(II)

contaminated soil. Master thesis, University of Akron

Cornish JE, Goldberg WC (1995) Phytoremediation of soils contam-

inated with toxic elements and radionuclides. In: Hinchee RE

(ed) Bioremediation of inorganics. Battelle Press, Columbus,

pp 55–64

Drazkiewicz M (1994) Chlorophyllase: occurrence, functions, mech-

anisms of action, effects of external and internal factors.

Photosynthetica 30:321–331

Ewais EA (1997) Effects of cadium, nickel and lead on growth,

chlorophyll content and proteins of weeds. Biol Plant 39:403–

410. doi:10.1023/A:1001084327343

Gadallah MAA (1994) Interactive effect of heavy metals and

temperature on the growth and chlorophyll, saccharides and

soluble nitrogen contents in Phaseolous vulgaris. Biol Plant

36:373–382. doi:10.1007/BF02920935

Huang JW, Chen J, Berti WR, Cunningham SD (1997) Phytoreme-

diation of lead-contaminated soils: role of synthetic chelates in

lead phytoextraction. Environ Sci Technol 31:800–805. doi:

10.1021/es9604828

Kabata-Pendias A, Pendias H (1999) The biogeochemistry of trace

metals. Wydawnictwo Naukowe PWN, Warszawa (in Polish)

Li Y, Liu Y, Liu J, Li X, Zeng G (2008) Effects of EDTA on lead

uptake by T. orientalis Presl- a new lead accumulating species in

southern China. Bull Environ Contam Toxicol 81(1):36–41. doi:

10.1007/s00128-008-9447-0

Malone C, Koeppe DE, Miller RJ (1974) Localisation of lead

accumulated by corn plants. Plant Physiol 53:388–394. doi:

10.1104/pp.53.3.388

Mehra RK, Mulchandani P (1995) Glutathione-mediated transfer of

Cu(I) into phytochelatins. J Biochem 307:697–705

Noctor G, Arisi ACM, Jouanin L, Kunert KJ, Rennenberg H, Foyer

CH (1998) Glutathione: biosyntesis, metabolism and relationship

to stress tolerance explored in transformed plants. J Exp Bot

49:624–631

Piechalak A, Tomaszewska B, Baralkiewicz D, Malecka A (2000)

Accumulation and detoxification of lead ions in legumes. Phyto-

chemistry 60:153–167. doi:10.1016/S0031-9422(02)00067-5

Salt DE, Smith RD, Raskin I (1998) Phytoremediation. Annu Rev

Plant Physiol Mol Biol 49:643–668. doi:10.1146/annurev.

arplant.49.1.643

Schoch S, Brown J (1987) The action of chlorophyllase on

chlorophyll-protein complexes. J Plant Physiol 129:242–249

Seaward MRD, Richardson DHS (1990) Atmospheric sources of

metal pollution and effects on vegetation. In: Shaw AJ (ed)

Heavy metal tolerance in plants: evolutionary aspects. CRC

Press, Florida, pp 75–92

Sharma SS, Gaur JPL (1995) Protential of Lemna polyrrhiza for

removal of heavy metals. Ecol Eng 4:37–43. doi:10.1016/0925-

8574(94)00047-9

Shaw AJ (1990) Heavy metal tolerance in plants: evolutionary

aspects. AJ, CRC Press, Florida

Shivendra VS, Natalie LS (2002) Characterization of a lead

hyperaccumulator shrub, Sesbania drummondii. Environ Sci

Technol 36:4676–4680. doi:10.1021/es020675x

Vassil AD, Kapulnik Y, Raskin I, Salt DE (1998) The role of EDTA

in Pb transport and accumulation by Indian mustard. Plant

Physiol 117:447–453. doi:10.1104/pp.117.2.447

Wierzbicka M (1987) Lead accumulation and its translocation

barriers in roots of Allium cepa L.-autoradiographic and

ultrastructural studies. Plant Cell Environ 10:17–26. doi:

10.1111/j.1365-3040.1987.tb02075.x

Wu J, Hsu FC, Cunningham SD (1999) Chelate-assisted Pb

phytoextraction: Pb availability, uptake and translocation con-

straints. Environ Sci Technol 33:1898–1904. doi:10.1021/es980

9253

Yang JR, He JQ, Zhang GX (1995) Tolerance mechanism of crops to

Cd pollution. Chinese J Appl Ecol 6(1):87–91

Bull Environ Contam Toxicol (2009) 83:553–557 557

123

http://dx.doi.org/10.1016/S0065-2504(08)60202-0
http://dx.doi.org/10.1016/S0065-2504(08)60202-0
http://dx.doi.org/10.1104/pp.24.1.1
http://dx.doi.org/10.1104/pp.24.1.1
http://dx.doi.org/10.1016/0003-2697(76)90527-3
http://dx.doi.org/10.1023/A:1001084327343
http://dx.doi.org/10.1007/BF02920935
http://dx.doi.org/10.1021/es9604828
http://dx.doi.org/10.1007/s00128-008-9447-0
http://dx.doi.org/10.1104/pp.53.3.388
http://dx.doi.org/10.1016/S0031-9422(02)00067-5
http://dx.doi.org/10.1146/annurev.arplant.49.1.643
http://dx.doi.org/10.1146/annurev.arplant.49.1.643
http://dx.doi.org/10.1016/0925-8574(94)00047-9
http://dx.doi.org/10.1016/0925-8574(94)00047-9
http://dx.doi.org/10.1021/es020675x
http://dx.doi.org/10.1104/pp.117.2.447
http://dx.doi.org/10.1111/j.1365-3040.1987.tb02075.x
http://dx.doi.org/10.1021/es9809253
http://dx.doi.org/10.1021/es9809253

	Effects of EDTA on Mechanism of Lead Accumulation�in Typha orientalis Presl
	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


