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Abstract Reverse osmosis process has great potential in

treatment of water and wastewater containing undesirable

dissolved species. In the real world, the wastewater con-

tains mixtures of ions. Generally, the presence of particular

substances may affect the removal of specific ions and

harmful substances in wastewater treatment. In this work, a

Filmtec TW30HP-4641 RO element (polyamide, thin-film

composite) with the capacity of 14.38 m3/d was employed

for wastewater treatment in Exir Pharmaceutical Co.

(Borojerd, Iran). The rejections of individual nitrite, nitrate,

and sulfite ions were around 91, 93, and 95%, respectively.

However, the addition of KH2PO4 to the solution con-

taining nitrite and nitrate ions improved the rejection up to

99%. Polyamide has electronic lone-pair in amino group

that can make a resonance structure with carbonyl segment.

The feed solution containing potassium and di-hydrogen

phosphate ions may establish binding with membrane. The

binding of potassium ions to the electronic lone-pair of

membrane hold H2PO4
- ions and provide a negative layer

on the surface of membrane. Diffusion of anions through

the membrane is minimized by establishment of the pro-

posed negative layer. This improves the ion rejection

capability of the membrane.

Keywords Reverse osmosis � Nitrate � Nitrite �
Sulfite � Di-hydrogen phosphate � Wastewater treatment

1 Introduction

Deteriorating water quality influences human and has

economic implications for various sectors including

industry [1]. Today, agriculture and industry use 90% of

the fresh water. Thus, it is very important to save as much

water as possible. Industry should especially try to reduce

the amount of process water [2].

The researchers have investigated alternative techniques

such as membrane processes. Principal advantage of these

techniques is the achievement of high-quality water [3]

with confidence [4] compared to the traditional techniques

including physical (such as sedimentation), chemical (e.g.,

ion exchange) and biological (such as activated sludge)

procedures.

Reverse osmosis (RO) reduces dissolved salts [5] in

waste water treatment. The spiral-wound membrane ele-

ment is the most widely used with benefits including high

membrane surface area to volume ratio, easy to replace,

can be manufactured from a wide variety of materials and

is prepared by several manufacturers. The membranes for

RO systems are able to remove mono-valent salts [6].

The RO technology has great potential in treatment of

drinking water supplies and wastewater containing unde-

sirable dissolved species in the chemical industry [7]. The

effect of salt type on mass transfer in reverse osmosis has

been elucidated using transport equations [8].

A comprehensive study has been carried out by

numerous researchers to exhibit the capability of mem-

brane processes especially reverse osmosis process for

removal of various ions from water and waste water.

Nitrogenous compounds (ammonia, nitrite, and nitrate) are

considered of major contaminants in wastewater treatment.

Ratanatamskul et al. [9] reported 70% nitrate removal

using ultra low pressure nanofiltration membrane. An
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improved rejection was obtained by ultra low pressure

reverse osmosis membranes [10].

Bohdziewicz et al. [11] obtained nitrate removal of 76%

using cellulose acetate RO membrane for the removal of

nitrate from groundwater. Ritchie and Bhattacharyya [12]

reported [95% nitrate removal by means of a membrane-

based hybrid process. Qin et al. [13] showed a spiral-wound

RO membrane made of thin-film composite polyamide is

capable of removing 90–97% of nitrogenous compounds.

Schoeman and Steyn [14] demonstrated that the RO

process could be very effectively applied for water denitri-

fication in a rural area. Nitrate-nitrogen could be removed

from 42 mg/L to less than 1 mg/L (98% removal). Cevaal

et al. [15] reported nitrate rejection about 97% using a

commercial polyamide RO membrane (Dow-FilmTec).

Awadalla et al. [16] studied rejections of four mem-

branes: PVA-NF, NF, DS5, FT-30, polyamide RO, and

nitrate rejection was 43, 40, 97, and 92%, respectively. Qin

et al. [17] reported 85% rejection for nitrate using RO

polyamide membrane. Molinari et al. [3] showed nitrate

rejection around 97% using RO membrane.

Sadr Ghayeni et al. [18] used a hollow fiber microfiltration

membrane as a pretreatment prior to reverse osmosis for

evaluation of the production of high-quality water from sec-

ondary effluent. Four different low operating pressure RO

membranes (PVD, CTA, TFCL, and NF45) produced a target

flux of 20 L/m2 h at the relatively low operating pressures of

230, 750, 550, and 360 kPa, respectively. Conductivity

measurements revealed rejections of ionic species of 99.2 and

41% for TFCL and NF45 membranes, respectively. However,

nitrite/nitrate was only partially removed.

Another important contaminant in waste water treatment

is phosphate ion. Balannec et al. [19] studied phosphate

rejections of three RO membrane: Desal 3SF (Polyamide/

Polysulfone), TFC-HR (Composite polyamide), and BW30

(Composite polyamide). Phosphate removals of 99.6, 100,

and 99.8% were obtained, respectively.

Vourch et al. [20] used a model of nanofiltration and

reverse osmosis and reported rejection of phosphate as high

as 95%.

Generally, the presence of particular substances may affect

the removal of specific ions and harmful substances in waste-

water treatment. In this work, the influence of di-hydrogen

phosphate ion on performance of Filmtec reverse osmosis

element for rejection of nitrite and nitrate ions was evaluated.

2 Materials and methods

2.1 Apparatus

A pilot plant reverse osmosis (Aqua-Cleer MFP/3-800-

Culligan Company, Italy) with two elements (spiral-wound

module) operating in series was used for all trials (Fig. 1).

Permeate and concentrate were returned to the tank. The

feed tank was stainless steel, with a capacity of 1000 L and

two walls which allowed the feed temperature to be kept

constant using the circulation of cooled water or steam.

Volume of permeate was measured using a calibrated

volume counter. For measuring the time, a calibrated

chronometer was used.

All the hydraulic components used in Aqua-Cleer MFP/

3 plants consist of corrosion-resistance materials and are

designed to withstand the operating condition as follows:

– The elements upstream of the high-pressure pump are

resistant to a nominal pressure of 8 bar (114 psi).

– The elements of the high-pressure circuit (membrane

inlet and reject lines) withstand a nominal pressure of

16 bar (228 psi).

Some parts of the line made of stainless steel, other parts

were high-pressure hoses. The system consisted of a valve

to control the applied pressure and flow.

2.2 Membrane

The thin-film composite polyamide membrane (Filmtec

TW30HP-4641) was employed in the spiral-wound mod-

ules with the 128 ft2 (11.89 m2) active area. Polyamide has

electronic lone-pair in amino group that can make a reso-

nance structure with carbonyl group [3].

2.3 Feed

Feed solutions were prepared using deionized water at the

pH between 5.5 and 6. For preparation of feed the fol-

lowing reagents, all from Merck, were employed: sodium
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Fig. 1 Schematic diagram of reverse osmosis system
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nitrate, sodium nitrite, potassium di-hydrogen phosphate,

and sodium sulfite. The KH2PO4 was used in the solution

together with other ions.

2.4 Ion rejection

Concentrations of ions were measured on the basis of

standard methods [21] as follows:

The colorimetric method was employed for nitrite

determination. After adding color reagent to samples and

standards, absorbance was measured at 543 nm. The color

reagent was prepared by adding 800 mL water to 100 mL

85% phosphoric acid and 10 g sulfanilamide. After com-

plete dissolution of sulfanilamide, 1 g N-(1-naphtyl)-

ethylenediamine dihydrochloride was added and mixed to

dissolve. This was diluted with water to 1 L. For nitrate

determination, the ultraviolet spectrophotometric screening

method was applied at the wavelength of 220 nm. Sulfite

determination was carried out by iodometric titration. Di-

hydrogen phosphate was determined by vanadomolybdo-

phosphoric acid colorimetric method. In this procedure,

35 mL of sample containing 0.05–1.0 mg P was placed in a

50-mL volumetric flask. Ten milliliters vanadate-molyb-

date reagent was added and diluted to the mark using

distilled water. The absorbance of sample versus a blank at

a wavelength of 400–490 nm was measured after 10 min.

For mixture of ions, electrical conductivity (ls/cm) was

employed as the basis for calculation of ion concentration.

The rejection (RX) was calculated as:

RX ¼ ½1� XP=XF� � 100 ð1Þ

where XP and XF are the conductivity of permeate and

feed, respectively.

3 Results and discussion

The rejections were tested for four solutions, each of which

contained one of the following anions: di-hydrogen phos-

phate (80 ppm), sulfite (50 ppm), nitrite (50 ppm), and

nitrate (80 ppm). The selected ranges of ion concentrations

are three times higher than the ion concentrations in the

raw waste water of a typical pharmaceutical plant. The

rejection results are presented in Fig. 2 for various trans-

membrane pressures.

The rejection of anions obtained in this work was as

follows:

H2PO4
�[ SO3

2�[ NO3
�[ NO2

�

Di-hydrogen phosphate anion exhibited the highest rejec-

tion. The rejection sequence was independent of the

transmembrane pressure (see Fig. 2 for various pressures).

The rejections of nitrate and nitrite ions were almost

independent from the ionic concentration in the short per-

iod time (see Fig. 3 for details). The data indicate that the

rejections of nitrate and nitrite ions (regardless of con-

centration) are around 94 and 92%, respectively.

To elucidate the effect of ions mixture on rejection,

H2PO4
-, NO3

-, and NO2
- ions were mixed at different

concentrations of 50, 80, and 110 ppm. The concentrations

of three ions were equal for all cases. The results for

rejection of the ions mixtures are depicted in Fig. 4.
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Fig. 2 Rejection of individual di-hydrogen phosphate, sulfite, nitrate,

and nitrite ions using Filmtec TW30HP-4641 reverse osmosis element

versus time a 5.75 bars, b 6.5 bars, and c 7.5 bars
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Apparently, the rejection is a function of ions concentration

in the mixture (Fig. 5). The graphs indicate that at low

(50 ppm) concentration there is no pronounced effect for

the mixtures, i.e. the rejection is around 92% similar to the

rejection for nitrate and nitrite (Fig. 5). However, at higher

concentrations (80 and 110 ppm) the rejection was

improved to 98% (for 80 ppm) and 99% (for 110 ppm).

We demonstrated that the alteration of nitrate and nitrite

concentrations exhibits no effect on rejection (see Fig. 3).

This means the improvement in rejection of NO3
- and

NO2
- ions is due to the presence of H2PO4

-. In other

words when nitrate and nitrite ions were mixed with di-

hydrogen phosphate at an appropriate concentration, the

rejection was improved to 99%. This is an important

conclusion as the removal of nitrate and nitrite ions from

wastewater is a vital requirement for water and wastewater

treatment.

Rejection is a function of solute molar flux which

depends on solute permeability and presence of other sol-

utes (Eq. 2).

JS ¼ ðCmÞavð1� rÞJW þ
PS

l
ðCm � CPÞ ð2Þ

where JS is solute molar flux, (Cm)av is average of solutes

concentration, r is reflection coefficient, JW is solvent flux,

PS is solute permeability, l is thickness of membrane, Cm is

solute concentration, and Cp is solute concentration in

permeate.

In summary, solute permeability depends on the proper-

ties of ions and membrane. The interaction between

membrane and species may affect the membrane perfor-

mance. Molinari et al. [3] studied the interactions between

polyamide RO membrane and nitrate ions. They observed

that copper nitrate was absorbed on reverse osmosis poly-

amide membrane during treatment a solution containing

copper nitrate. The process was described principally to

copper ion binding to the electronic lone-pair of membrane

amino-groups by means of Lewis acid–base interaction

which holds NO3
- ions. The other salts like sodium nitrate

did not exhibit the same interaction with membrane.

In the current study, a polyamide thin-film composite

membrane was used for treatment of wastewater containing

nitrate and nitrite ions. Polyamide has electronic lone-pair

in amino group that is able to make a resonance structure

with carbonyl segment (Fig. 6). The feed electrolyte solu-

tion containing potassium and di-hydrogen phosphate ions

provide binding with membrane. The experimental data

confirm this conclusion. The RO membrane was washed

with purified water. This was followed by washing the

membranes with 2.5% HNO3. In the analyzed samples, di-

hydrogen phosphate ions were detected. The strength of the

complexation is a function of both the donor atom and the

metal ion. Qualitative predictions about the strength of

donor acceptor complexation can be made on the basis of

the hard-soft-acid-base concept. The better matched the

donor and acceptor, the stronger is the complexation.

Moreover, the binding of potassium ion to the electronic
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Fig. 3 Rejection of individual nitrite and nitrate ions using Filmtec

TW30HP-4641 reverse osmosis element versus time for different
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lone-pair of membrane holds H3PO4
- ions on the basis of

reported mechanism in Fig. 6. This provides a negative

layer on the surface of the membrane (Fig. 7). The for-

mation of this layer requires sufficient quantity of di-

hydrogen phosphate. We demonstrated that the low con-

centration of this ion (50 ppm) has no effect on the

rejection of nitrate and nitrite ions (Figs. 4 and 5). This

means the proposed layer has not been established at

50 ppm. Diffusion of anions toward the membrane is

reduced due to the electrostatic effects by this negative

layer. This layer prevents the passage of anions through the

membrane leading to an improvement in ion rejection.

4 Conclusion

Removal of individual nitrite, nitrate, and sulfite ions was

around 91, 93, and 95% using Filmtec TW30HP-4641

reverse osmosis element. The presence of KH2PO4

increased the rejection of nitrite and nitrate ions up to 99%.

The potassium ion in the feed solution provides binding

with polyamide membrane. Subsequently the potassium

ion binding to the electronic lone-pair of membrane holds

di-hydrogen phosphate ion. This establishes a negative

layer on the surface of the membrane. Diffusion of simi-

larly charged anions through the membrane is diminished

by the formed layer.

Acknowledgment The authors would like to thank the Exir Phar-

maceutical Company for financial support.

References

1. A. Bodalo, J.L. Gomez, E. Gomez, G. Leon, M. Tejera, Reduc-

tion of sulphate content in aqueous solutions by reverse osmosis

using cellulose acetate membranes. Desalination 162, 55–60

(2004). doi:10.1016/S0011-9164(04)00027-X

2. N. Scharnagl, U. Bunse, K.V. Peinemann, Recycling of washing

waters from bottle cleaning machines using membranes. Desali-

nation 131, 55–63 (2000). doi:10.1016/S0011-9164(00)90006-7

3. R. Molinari, P. Argurio, L. Romeo, Studies on interactions

between membranes (RO and NF) and pollutants (SiO2, NO3
-,

Mn and humic acid) in water. Desalination 138, 271–281 (2001).

doi:10.1016/S0011-9164(01)00273-9

4. J.R. Humphriesa, S.M. Wood, Reverse osmosis environmental

remediation. Development and demonstration pilot project.

Desalination 168, 177–184 (2004). doi:10.1016/j.desal.2004.06.

184

5. A. Bodalo-Santoyo, J.L. Gomez-Carrasco, E. Gomez-Gomez,

M.F. Maximo-Martin, A.M. Hidalgo-Montesinos, Spiral-wound

membrane reverse osmosis and the treatment of industrial efflu-

ents. Desalination 160, 151–158 (2004). doi:10.1016/S0011-9164

(04)90005-7

6. M.V. Pilipovik, C. Riverol, Assessing dealcoholization systems

based on reverse osmosis. J. Food Eng. 69, 437–441 (2005). doi:

10.1016/j.jfoodeng.2004.08.035

7. M. Arora, R.C. Maheshwari, S.K. Jain, A. Gupta, Use of mem-

brane technology for potable water production. Desalination 170,

105–112 (2004). doi:10.1016/j.desal.2004.02.096

8. M. Khayet, J.I. Mengual, Effect of salt type on mass transfer in

reverse osmosis thin film composite membranes. Desalination

168, 383–390 (2004). doi:10.1016/j.desal.2004.07.024

9. C. Ratanatamskul, T. Urase, K. Yamamoto, Prediction of

behavior in rejection of pollutants in ultra low pressure nanofil-

tration. Water Sci. Technol. 38, 453 (1998). doi:10.1016/S0273-

1223(98)00545-9

10. G. Filteau, P. Moss, Ultra-low pressure RO membranes: an analysis

of performance and cost. Desalination 113, 147–152 (1997). doi:

10.1016/S0011-9164(97)00122-7

11. J. Bohdziewicz, M. Bodzek, E. Wasik, The application of reverse

osmosis and nanofiltration to the removal of nitrates from ground-

water. Desalination 121, 139 (1999). doi:10.1016/S0011-9164(99)

00015-6

12. S.M.C. Ritchie, D. Bhattacharyya, Membrane-based hybrid pro-

cesses for high water recovery and selective inorganic pollutant

separation. J. Hazard Mater. 92, 21–32 (2002). doi:10.1016/S0304-

3894(01)00370-3

13. J.J. Qin, M.N. Wai, M.H. Oo, F.S. Wong, A feasibility study on the

treatment and recycling of a wastewater from metal plating. J. Membr.

Sci. 208, 213–221 (2002). doi:10.1016/S0376-7388(02)00263-6

14. J.J. Schoeman, A. Steyn, Nitrate removal with reverse osmosis in

a rural area in South Africa. Desalination 155, 15–26 (2003). doi:

10.1016/S0011-9164(03)00235-2

15. J.N. Cevaal, W.B. Suratt, J.E. Burke, Nitrate removal and water

quality improvements with reverse osmosis for Brighton, Colorado.

Desalination 103, 101–111 (1995). doi:10.1016/0011-9164(95)000

91-7

Fig. 6 Binding mechanism of potassium di-hydrogen phosphate on

polyamide membrane

H
2
PO

4

_
H

2
PO

4

_

H
2
PO

4

_
H

2
PO

4

_

H
2
PO

4

_

Polyamide membrane

H
2
PO

4

_

SO
3

2-
NO

3

_

NO
2

_

K+K+K+K+K+K+ K+K+

NO
2

_
NO

3

_

SO
3

2-

H
2
O H

2
O H

2
O H

2
O H

2
O H

2
O

Fig. 7 Establishment of a negative layer on the surface of polyamide

membrane

J Porous Mater

123

http://dx.doi.org/10.1016/S0011-9164(04)00027-X
http://dx.doi.org/10.1016/S0011-9164(00)90006-7
http://dx.doi.org/10.1016/S0011-9164(01)00273-9
http://dx.doi.org/10.1016/j.desal.2004.06.184
http://dx.doi.org/10.1016/j.desal.2004.06.184
http://dx.doi.org/10.1016/S0011-9164(04)90005-7
http://dx.doi.org/10.1016/S0011-9164(04)90005-7
http://dx.doi.org/10.1016/j.jfoodeng.2004.08.035
http://dx.doi.org/10.1016/j.desal.2004.02.096
http://dx.doi.org/10.1016/j.desal.2004.07.024
http://dx.doi.org/10.1016/S0273-1223(98)00545-9
http://dx.doi.org/10.1016/S0273-1223(98)00545-9
http://dx.doi.org/10.1016/S0011-9164(97)00122-7
http://dx.doi.org/10.1016/S0011-9164(99)00015-6
http://dx.doi.org/10.1016/S0011-9164(99)00015-6
http://dx.doi.org/10.1016/S0304-3894(01)00370-3
http://dx.doi.org/10.1016/S0304-3894(01)00370-3
http://dx.doi.org/10.1016/S0376-7388(02)00263-6
http://dx.doi.org/10.1016/S0011-9164(03)00235-2
http://dx.doi.org/10.1016/0011-9164(95)00091-7
http://dx.doi.org/10.1016/0011-9164(95)00091-7


16. F.T. Awadalla, C. Striez, K. Lamb, Removal of ammonium and

nitrate ions from mine effluents by membrane technology. Sep-

aration Sci. Technol. 29, 483–495 (1994). doi:10.1080/014963

99408002157

17. J.J. Qin, M.H. Oo, M.N. Wai, H. Lee, S.P. Hong, Pilot study for

reclamation of secondary treated sewage effluent. Desalination

171, 299–305 (2004). doi:10.1016/j.desal.2004.05.008

18. S.B. Sadr Ghayeni, P.J. Beatson, R.P. Schneider, A.G. Fane, Water

reclamation from municipal wastewater using combined microfil-

tration-reverse osmosis (ME-RO): preliminary performance data

and microbiological aspects of system operation. Desalination 116,

65–80 (1998). doi:10.1016/S0011-9164(98)00058-7

19. B. Balannec, M. Vourch, M. Rabiller-Baudry, B. Chaufer, Com-

parative study of different nanofiltration and reverse osmosis

membranes for dairy effluent treatment by dead-end filtration. Separ.

Purif. Tech. 42, 195–200 (2005). doi:10.1016/j.seppur.2004.07.013

20. M. Vourch, B. Balannec, B. Chaufer, G. Dorange, Nanofiltration

and reverse osmosis of model process waters from the dairy

industry to produce water for reuse. Desalination 172, 245–256

(2005). doi:10.1016/j.desal.2004.07.038

21. American Public Health Association, Standard Method for the
Examination of Water and Wastewater, 19th edn (APHA, Wash-

ington, DC, 1995)

J Porous Mater

123

http://dx.doi.org/10.1080/01496399408002157
http://dx.doi.org/10.1080/01496399408002157
http://dx.doi.org/10.1016/j.desal.2004.05.008
http://dx.doi.org/10.1016/S0011-9164(98)00058-7
http://dx.doi.org/10.1016/j.seppur.2004.07.013
http://dx.doi.org/10.1016/j.desal.2004.07.038

	Influence of di-hydrogen phosphate ion on performance �of polyamide reverse osmosis membrane �for nitrate and nitrite removal
	Abstract
	Introduction
	Materials and methods
	Apparatus
	Membrane
	Feed
	Ion rejection

	Results and discussion
	Conclusion
	Acknowledgment
	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


