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Abstract A new testing method for biomass concentra-
tion and sensor design is developed to realize online test-
ing of biomass concentration in the microbial bacterium
liquid. The sensor structure theory, optical path, theory
analysis and experiment are studied in-depth. First, the
optical absorption and optical scattering are related to
the optical distance and incidence energy. The change in
biomass concentration will cause the change in optical
absorption and optical scattering, and then lead to the
change in the receiving energy. Based on the physical phe-
nomena and theory, the paper relates the receiving energy
to biomass concentration testing, and a new method to
measure the biomass concentration is set up. In the experi-
ment, a lamp-house with 760 nm wavelength is chosen.
Under the 20°C constant temperature, the experiment is
performed on the biomass concentration test. The results
indicate that the method is good for testing bacterium
liquid concentration, with maximum relative error less
than 0.2%. The method, which has merits such as precise
online testing, high sensitivity and long life, is a practical
new style biomass concentration sensor.

Keywords biomass concentration, online testing, sensor,
absorption, scattering

1 Introduction

Many factors influence treatment efficiency in the bio-
chemical treatment process for organic waste gas by trick-
ling bio-filter due to complexities such as containing the
animalcule and component of the bacterium liquid, bio-
mass concentration, PH value, circulation speed and inner
temperature. Biomass is an important technique para-
meter vital in online biochemical process testing.
Reference [1] considers that online biomass concentration
measurement is not yet mature, but has already drawn
significant interest worldwide [2-5].
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The traditional method can be sorted into oftline testing
and online testing. The first mainly covers the dry weight
method, optical density method, and methylene dyeing
method [2], which makes measurement and the realization
of automatic control inconvenient and difficult. Online
measuring technology is primarily in the theoretical and
experimental stage at present and is delivered by Ref. [2]
which mainly adopts the permittivity distribution meas-
uring method. However, there always exists a certain gap
between theory and practice. Meanwhile, Ref. [3] intro-
duces another method which adopts optical reflection to
measure liquid concentration and research on the change
of the reflex critical angle. Although this limited research to
test the common liquid has aroused more interest [6,7],
there is still no high quality online testing sensor for
measuring biomass concentration.

After the biological method for processing low concen-
tration organic waste gas in engineering application, the
technological key is how to test and control the process
parameters, especially the biomass concentration.

Using optical scattering and absorption theory, an online
testing sensor for fiber biomass concentration was designed.
Based on the design theory and optical path analyses, the
relation between the receiving energy and the bacterium
liquid concentration was drawn out. Reference [3] focused
on the change of bacterium liquid concentration under the
near infrared circumstance. Experimental results and analy-
ses show that this method is feasible for measuring micro-
bial liquid concentration and has many merits, including
precise online testing, high sensitivity and extended use.
The sensor’s design theory and method is meaningful for
preparation, alcohol making, microanalysis, biochemistry
and environmental protection. It is a practical biomass
concentration sensor innovation with a bright future.

2 Theory of sensor structure

As Fig. 1 shows, the structure of the fiber reflecting
biomass concentration sensor mainly consists of the
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Fig. 1 Equipment frame of fiber reflecting sensor
lamp-house, optical detector, signal processor, fiber probe
and optical coupling.

The physical phenomena of the optical reflection indi-
cate that as light transmits in the medium and is reflected,
the reflecting energy is related to many factors. The paper
focuses only on light transmission in the bacterium liquid
with different concentrations, and the experimental
results show that the output energy is gradually weakened
with increasing bacterium liquid concentration.

The structure of the sensor detector is shown in Fig. 2.
It consists of the input fiber, receiving fiber and reflecting
faces 1 and 2. It is known that the coupling light path is
[=2D;+D,. The fiber ports adopt different lens for
focusing and making light parallel, which eases analyses
of the light path and makes the test sensitive and linear.
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Fig. 2 Structure principle of fiber concentration sensor’s
detector

Generally, the output energy becomes weakened in two
cases: during absorption and scattering. The sensor
adopts the optical reflectors as Fig. 2 shows: if there is
no medium influences, input light energy can reach the
reflecting face, and completely reflect to another reflecting

Mingfu ZHAO, et al.

face; the angle between the light and reflecting face is 45°,
and the light is reflected back to the receiving fiber. In the
testing process, the twice reflected light is weakened by the
liquid biomass concentration. In the optics, the biomass
concentration signal will be magnified by the fiber sensor.

3 Theory analyses of sensor principle
3.1 Testing theory of the sensor

Optical absorption and optical scattering are the character-
istics of matters. As the liquid concentration outside the
fiber changes, the optical absorption coefficient and scatter-
ing coefficient will change accordingly. When light passes
through the medium, two factors weaken the receiving
energy: optical absorption and optical scattering, as Fig. 3
shows. The first makes the input light energy translate into
heat energy and other forms energy, while the latter changes
the spatial distribution of optical energy. In terms of prac-
tical measurement, it is difficult to distinguish their influ-
ences on the receiving light. If the medium weakens the
optical energy, the amplitude will decrease gradually during
transmission. To reflect this fact, the medium refractive
index is set as a plural [8] and expressed as

n=n+a. (1)
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Fig. 3 Schematic diagram of input light scattering

The real part n is the refractive index which represents
the light transmitting phase character and is affected by
the medium. The imaginary part o represents the attenu-
ation degree when light transmits in the medium and is
defined as an extinction coefficient, which can describe the
light absorbing character when transmitting.

I=1Iyexp[— (aa+0s)l]| =1 exp (—al), (2)

where o, is the absorbing coefficient, o is the scattering
coefficient, and « is the whole extinction coefficient [9]. /
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is the efficient optical path, and /=2D,+ D, as Fig. 3
shows.

The relation between the absorbing coefficient and
extinction coefficient is

0y =2ko= 47noc. (3)

Equation (3) shows that the absorbing coefficient is a
function of the wavelength.

I=IOeXp<—47nocl>. 4)

For gas or insoluble matter, the absorbing coefficient o,
is in a direct ratio to the absorbing molecule number in
unit volume, i.e., direct ratio to the concentration of the
absorbing matter.

o, =Ac, (5)

where A4 is a constant regardless of the concentration and
determined by molecule character of the absorbing matter.

When the concentration of matter reaches a certain
degree, there will be a superposition scattering effect; scat-
tering plays a major role. Generally, it can be classified
into two kinds: one is Rayleigh-scattering, whose particle
diameter is in the bound of A/5 to //10; the other is Met-
scattering, whose particle diameter is close to the light
wavelength. In the biological bacterium liquid system, it
can be classified as follows: the small-size bacterium
belongs to the Rayleigh-scattering and the thalli belong
to the Met-scattering.

For the complex dispersion system in biological bac-
teria liquid, bacteria in the testing biological bacteria
liquid is often used in biochemical degradation organic
waste gas (benzene, toluene, xylene, etc), and they are
single cell, straight/bending bar short electrode bacteria
(Pseudomonas sp), as Fig. 4 shows.
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Fig. 4 Bacterium liquid micrograph ( x 2000)

This kind of short electrode bacteria is a cylindrical bar
whose diameter is about 0.8 to 1.2 um and bar length is
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about 2.6 to 3.0 um based on observation by a x 2000
microscope. Because of the animalcule grain, which is far
bigger than the input optical wavelength, thalli in the cho-
sen bacteria liquid belong to the category of Met-scatter-
ing, while micro bacterium belongs to the category of
Rayleigh-scattering.

The intensity of Met-scattering light is in inverse pro-
portion to the wavelength 4 [8,10].

10)oc 5. (©

where n<4 and n depend on the particulate size. The
polarization degree of the scattering light decreases as
dlZ increases, where d is scattering particle diameter and
A is the input light wavelength. The angle distribution of
the scattering light intensity changes with a change of d/A.
Compared to Rayleigh-scattering, its forward scattering is
strengthened and back scattering weakened. The relation
between Rayleigh-scattering light intensity and input light
wavelength is

1
1(0)c et (7)

where (0) is scattering light intensity corresponding to a
certain direction and 0 is scattering angle. Equation (7)
indicates that the shorter the light wavelength, the strong-
er the scattering light intensity [11,12].

The light scattering coefficient o thus mainly depends
on the granule diameter, refractive index, light wavelength
and scattering angle. Aiming at the sizable granule, the
scattering section is in a direct ratio to the granule section,
and the light scattering coefficient o is close to 2 [9]. Using
Moore’s rule to compute the granule whose size is close to
the light wavelength, according to the “abnormality dif-
fraction” approximation method, there will be

o =2—(4/p)sin p+ (4/p*)(1— cos p), (8)
p=2pm—1), 9)
B=2mr/2, (10)

where m is the comparatively refractive index and m = 1.2,
f is the granule size parameter and r is the granule radius.

In this experiment, since the lamp-house with a fixed
frequency wave is adopted, the change stimulated by the
wave factor can be regarded as a constant. Otherwise, due
to the structure of the fiber detector, the input fiber is near
the receiving fiber. The scattering angle can thus be
neglected, and the light distance related to the structure
of the detector is also a fixed constant. According to Egs.
(9) and (10), there will be

p=rKr(m—1), where k is a constant. (11)

The single bacterium species (Pseudomonas) adopted
has a diameter of about 0.4 pym and a comparative
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refractive index related to its concentration. Thus, p is a
function related to the bacterium liquid concentration,
and Eq. (9) can be described as
os=2—p(c). (12)
According to Egs. (5), (12) and (2), the synthetical for-
mula can be expressed as

I=1Iyexp[— (oa+os)-]

=1Iyexp{—Acl+[2—p(c)]-1}. (13)
From Eq. (13), it is known that the receiving light is
mainly related to the liquid concentration ¢ and efficient
optical path /.
The above equations can thus be rewritten into output
voltage form after photo-electricity conversion as

U=Uy+1Iyexp[—Acl+p(c)l], (14)
where U, represents the initial value of the output voltage,
which is tunable by adjusting the magnification of the
signal-modulated circuit or by the zero-regulator, set U,
to 0; A4 is a constant which is unrelated to the concentra-
tion and just depends on the molecular characteristic of
the absorbing matter; c is the tested bacteria liquid con-
centration; / is the available optical path (as Figs. 2 and 3
show) and / = 2D, + D»; p is a function related to the tested
bacteria liquid concentration ¢, which can be described as

os =2 — p(c).
3.2 Choosing the sensor’s lamp-house wave

In the scattering affection, uniformity matter can also
stimulate scattering similar to asymmetry matter, i.e.,
molecular scattering. Reference [13] covers researches on
pure water in different wave conditions. As Table 1
shows, A represents the wavelength, o, represents the
absorption coefficient, and o is the scattering coefficient.

Table 1 Data of absorption coefficient and scattering coefficient
in different wavelength conditions

Alnm o,/m™! og/m™!
400 0.0058 0.0053
450 0.0114 0.0033
500 0.0238 0.0021
550 0.0588 0.0014
600 0.2224 0.0010
650 0.3315 0.0007
700 0.5722 0.0005
750 2.7334 0.0004
800 2.2932 0.0003

As seen from Table 1, when the tested matter is sym-
metrical transparent purity water, a longer wavelength
leads to less infection on the absorption by scattering.
As the wavelength nears 650 nm, the scattering value is
two in a thousand of the absorption value, which can be
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neglected. But when the wavelength is 400 nm, the scatter-
ing value is almost equal to the absorption value, so the
scattering factor should be considered. To eliminate the
scattering effect of water, the 800 nm wavelength light
should be adopted as the lamp-house wavelength. As the
bacteria in measured biological bacteria liquid is often used
in biochemical degradation organic waste gas (benzene,
toluene, xylene, etc), they are single cell, straight/bending
bar short electrode bacteria (Psecudomonas sp.). This kind
of short electrode bacteria is cylindrical whose diameter is
about 0.8 to 1.2 um and bar length is about 2.6 to 3.0 um
based on observation by a x 2000 microscope. As the
animalcule grain is far bigger than the input optical wave-
length [14], considering the single wavelength lamp-house
circs, the lamp-house with near infrared single wavelength
of 760 nm is chosen.

4 Experiment results and analyses

To discuss how different concentrations influence the
absorbency, the concentrations are chosen as follows: 4,
8, 12, 16, 20, 24, 28, 32, 36, and 40 mL and their reflex
energies (represented by OD value) are tested. Their test-
ing result and analyses are as follows:

4.1 Testing results and analyses of optical density (OD
value)

The experiment selects different concentrations of bio-
logical liquid (same volume): 4, 8, 12, 16, 20, 24, 28, 32,
36, and 40 mL, and the measurement is repeated. Figure 5
shows the ODg5¢ ,m Value measuring curve under the bio-
mass concentration changing circumstance tested by a
spectrophotometer (temperature 7 = 20°C, lamp-house
wavelength 4 = 620 nm).
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Fig. 5 Biological liquid’s OD value changes with a change in
biomass concentration

The experimental curve indicates that the stronger the
biomass concentration, the higher the OD value, and the
stronger the absorbency; the change presents an obviously
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ascending trend. Meanwhile the OD value difference of
the adjacent concentration increases with an increase in
the concentration. This experiment indicates that bio-
logical liquid concentration could deeply influence thalli
absorbency. If biological liquid concentration can be mea-
sured by testing the receiving energy, then online measure-
ment of the biomass concentration can be realized.

4.2 Testing results and analyses of voltage value

Different concentrations of biological liquids are also cho-
sen to test the voltage value. They are 4, 8, 12, 16, 20, 24,
28, 32, 36, and 40 mL, with Fig. 6 showing the attenu-
ation voltage changing curve (temperature 7' = 20°C).
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Fig. 6 Attenuation voltage changing curve with the change
of biomass concentration

The experimental curves indicate the changing attenu-
ation voltage trend with a change in liquid concentration.
Aiming at the same curve, there is good linearity in low
concentration and an obvious downtrend in high concen-
tration [15,16]. Comparing the curves with each other, the
less their initialization angle difference, the more obvious
the linear area, and the more sensitive the measurement.
Under a high density condition, the scattering effect is
obvious and a notable receiving light attenuation is shown
by a rapid descent of the testing voltage value.

4.3  Error analyses of measuring results after
compensation treatment

Four parts are adopted to constitute the measuring system
in application: the fiber sensor part (including two same
structure fiber probes, reflecting face, lamp-house and
photo-electricity conversion part); signal modulated part;
A/D conversion part; and ARM computer and digital
parameter display part. Nonlinear compensation of the
measuring signal is accomplished by the measuring sys-
tem. Table 2 presents a comparison of the testing data
after calibration with the given concentration.
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Table 2 Theoretical bacterium liquid concentration compared to
testing results

number standard bacterium testing data of absolute
liquid concentration/mL measurement system/mL error ¢

1 0 0.019 —0.020
2 4 4.018 —0.020
3 8 8.025 —0.030
4 12 12.030 —0.030
5 16 16.030 —0.030
6 20 20.010 —0.010
7 24 24.000 0.004
8 28 27.940 0.061
9 32 31.950 0.046
10 36 35.950 0.048
11 40 39.970 0.031

Table 2 shows the maximum absolute error of the
concentration value after neural network (NN) model treat-
ment and the experimental measuring concentration value.
The maximum absolute error is ¢ < 0.06 mL, and the most
relatively error is (0.06 mL/28 mL)-100% = 0.2%, which
can meet the need for precision of on-line measurement of
the biomass concentration.

4.4 Comparison and analyses of measuring results

As seen from the measuring theory, the different experi-
mental methods adopted are aimed at different densities.
However, these two methods have the same point: if
the biological liquid density increases, its absorbency will
increase and the receiving energy will decrease. According
to the theory analyses, the complex-refractive index of the
testing object and the light scattering effect are mainly
used to achieve the measuring purpose.

1) In view of the attenuation degree of the receiving
light, if just analyze and compare the low-density data,
the curve is close to linearity in the density bound of 4
to 28 mL, the absorption effect dominates and voltage
value could reflect the biomass density sensitively. If the
density bound surpasses 28 mL, the scattering effect dom-
inates, and the rule needs to be further improved.

2) As seen from the linear bound, the curve is linear in
the density bound of 4 to 28 mL. If the bound exceeds
28 mL, there will be a distinct attenuation and the non-
linear will be more obvious.

3) As seen from the linearity slope, the curve slope is less
in the linear area and augments abruptly in the non-linear
area. Given the experimental error, in the linear response
part, the degree of the measuring value departing the curve
in the low-density area is less than that in high density area.

5 Conclusion

According to the process of biological degradation, it is
necessary to meet the online testing need, and as the
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biomass concentration change can stimulate absorption
and scattering change and lead to light energy change, we
make the receiving energy related to biomass concentration
testing and set up a new measurement method. In the
experiment, the lamp-house with the 760 nm wavelength
was adopted. Under the 20°C constant temperature,
research on the OD method and sensor output voltage
measurement are performed, and the experimental results
are analyzed and compared. Finally, the nonlinear and
error compensation of measuring the signal are accom-
plished, and the results after treatment could meet required
industry application precision. The experimental results
indicate that the method can be used for testing bacterium
liquid concentration, and the maximum relative error is less
than 0.2%. Given the many merits of the approach, includ-
ing precise online testing, high sensitivity and extended use,
it is a practical biomass concentration sensor.

Acknowledgements This work was supported by the National Natural
Science Foundation of China (Grant Nos. 90510020, 50576107), NCET,
SRFDP and Natural Science Foundation of Chongqing (Grant No.
CSTC, 2006BB2408).

References

1. Wang Y J, Fan Y, Olsson L, et al. Studies of on-line and in-situ
measuring method for biomass concentration. Progress in
Biochemistry and Biophysics, 2000, 27(4): 387-390 (in
Chinese)

2. Zhang J X, Jiang M G. Optical fiber sensor system of liquid
density measurement. Instrument Technique and Sensor,
2001, (10): 9-11 (in Chinese)

3. Fan S F, Chen L, Xiao S S, et al. Design and development of
optical fiber sensors for multipurpose biochemical sensing.
Chinese Journal of Scientific Instrument, 1999, 20(1): 52-56
(in Chinese)

10.

12.

13.

14.

15.

Mingfu ZHAO, et al.

. LiR F, Zhao M F. A New Photoelectric Liquid-level Sensor.

Physical Experiment of College,
Chinese)

Wu J. Requirements and development trends of the examina-
tion technology in bio-engineering. Acta Metrologica Sinica,
2002, 23(4): 315-319 (in Chinese)

Garcia-Valenzuela A, Diaz-Uribe R. Detection limits of an
internal-reflection sensor for the optical beam deflection
method. Applied Optics, 1997, 36(19): 44564462

1999, 12(3): 46-50 (in

. Villatoro J, Garcia-Valenzuela A. Measuring optical power

transmission near the critical angle for sensing beam deflec-
tion. Applied Optics, 1998, 37(28): 6648—-6653

Zhao K H, Zhong X H. Optics. Beijing: Peking University
Press, 1984, 228-234 (in Chinese)

. Li X, Yang Y L, Li H, et al. Research on Coagulant Dosage

Auto Control Technique of Fluctuation in Transmitted Light
Detecting. Beijing: Chemical Industry Press, 2005, 207-212 (in
Chinese)

Tuo Y K, Chen X M. Half-wave loss when light waves are
reflected at interface of two mediums. Journal of Chongqing
University of Posts and Telecommunications (Natural Science
Edition), 2004, 16(6): 36-38 (in Chinese)

. Fang J X, Cao Z Q, Yang B Z. The Physical Basis of the

Guided-Waveoptics.  Shanghai:  Shanghai  Jiao
University Press, 1988, 38-39 (in Chinese)

Miller R G J, Stace B C. Laboratory Methods in Infrared
Spectroscopy (in Chinese, trans. Yu Quanlin). Beijing: China
Machine Press, 1985, 22-71

Li Y. The study of the different absorptive rate. Dissertation
for the Master’s Degree. Chengdu: University of Electronic
Science and Technology of China. 1999 (in Chinese)

Zhang X S, Zhao X, Zhang X L. The exploitation and applica-
tion of the animalcule concentration sensor based on the fiber.
Chinese Journal of Scientific Instrument, 1997, 18(1): 8§9-92
(in Chinese)

Zhong LY, YangQ M, Lii X X, et al. Application of refractive
index modulation type optic-sensor to the solution density
measurement. Acta Photonica Sinica, 1998, 27(5): 445-448
(in Chinese)

Tong

. Gao D W, Liao Y B, Lai S R, et al. Infrared optical fiber

sensor for the measurement of solution concentration.
Sensor World, 2004, 10(10): 25-27 (in Chinese)




<<
  /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


