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Abstract When a body is exposed to a cold environment,
the livid colour of livor mortis changes to cherry red. This
colour change is due to an increase in the concentration of
oxygenated haemoglobin. The chronological course and the
extent of haemoglobin re-oxygenation associated with the
exposure to low ambient temperatures have not been
understood so far. The relations between refrigeration time
under a constant ambient temperature (5°C), skin temper-
ature, body mass index (BMI), spectral reflectance curve
and O,—Hb concentration in livor mortis were systemati-
cally investigated in 84 bodies brought to the Institute of
Legal Medicine of the Freiburg University Hospital shortly
after death. In the first measurements performed shortly
after death, the reflectance curves of the livores of all
bodies showed a broad minimum at 555 nm. After a
refrigeration time of 44.9+£17.9 h, the spectrum changed to
the typical picture of O,-rich blood with 2 minima at 541
and 576 nm and a maximum at 560 nm in between. This
qualitative change of the reflectance spectra was observed
for a skin temperature of 10.3+2.7°C. With the help of a
physical skin model it was possible to calculate that due to
the post-mortem exposure to cold the O,—Hb concentration
in the livores rose from 0-1% to a value of up to 89.3%.
The change in the reflectance curve was discernible from an
oxygen saturation of 25+13.8%.
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Introduction

Livor mortis is the first reliable sign of death, which is
ascertainable with the naked eye. When the circulation
ceases, the blood settles in the lower parts of the body due
to gravitational forces first forming blotchy discolourations
by dilating the skin vessels, which then become larger and
finally coalesce. The colour of the blood changes from red
to a purple livid tone due to the consumption of oxygen in
the agonal phase. When a body is exposed to low ambient
temperatures, however, the colour of hypostasis gradually
changes to pink [12]. The most important differential
diagnosis in the presence of pink hypostasis is carbon
monoxide (CO) poisoning. The colour qualities of pink
livores seen after exposure to a cold environment and in CO
poisoning are very similar, and spectral reflectance curves
show hardly any difference. Nevertheless, we were able to
demonstrate in previous studies that by means of spectro-
metric measurements and statistical data analysis based on a
physical skin model it is possible to distinguish between the
two possibilities [2, 3, 31].

It is generally known that livores change in colour after
post-mortem exposure to cold. In Anglo-American text-
books, this is only described as a phenomenon without
explaining the underlying mechanism [6, 24, 28]. In
German textbooks [5, 7, 21, 23, 27], it is assumed that
this colour change is caused by a shift of the oxygen-
binding curve of haemoglobin to the left under low
ambient temperatures. Moistness of the skin seems to
support the diffusion of oxygen into the skin [12, 23]. Due
to the cold, O, binds more easily to haemoglobin and its
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release to the tissue is impeded. Oxygen diffuses from the
ambient air through the skin of the hypostatic areas and
binds to haemoglobin there. Although this explanation
seems plausible, it has not yet been verified by experiments,
as far as we know, and the chronological order and the extent
of re-oxygenation have not been systematically investigated.

Altogether, there are only a few studies dealing
specifically with the colour of livor mortis [2, 12, 16, 25],
although several attempts have been made to provide an
objective way to determine the colour of livores in particular
with regard to the chronological order of occurrence,
intensity, shifting and displaceability [13, 14, 26, 29, 30].

We systematically investigated the relationship between
the reflectance spectra of livores, the extent of re-oxygen-
ation, the refrigeration time in a constant ambient temper-
ature and the skin temperature.

Materials and methods

By means of reflectance spectrometry, post-mortem lividity
was investigated over a period of 4 days in 84 Caucasians
brought to the Institute of Legal Medicine of the Freiburg
University between April 2005 and April 2006 shortly after
death. Measurements were performed at intervals ranging
from 6 to 12 h. Exclusion criteria were unknown time of
death, presence of late post-mortem changes, sparse
hypostasis, carbon monoxide poisoning, extensive burns
and mechanical destruction.

The bodies were stored unclothed and face up at a
constant ambient temperature of 4—6°C. Measurements of
post-mortem lividity were performed on each body in the
posterior lateral region of the thorax. For each measure-
ment, the local skin temperature was also recorded using a
thermometer with a surface probe. Further parameters
recorded were time of death, start of refrigeration, body
mass index (BMI), age and gender. Measurements were
performed with a diode array spectrophotometer MCS 400
(Carl Zeiss Jena, Jena, Germany) with a halogen bulb as
light source (standard illuminant D65). The measuring head
allowed recording of the directed surface reflection of a
5 mm wide measuring spot (measuring geometry 45°/45°).
Compressed barium sulphate was used as the white
standard according to DIN 5033. The measurements were
controlled and evaluated with the help of a personal
computer and stored in an electronic laboratory notebook
[1]. Reflectance was measured in the range of 350 to
750 nm. In the data analysis, however, only the range of
500-600 nm was taken into account because this range
contains the typical minima and maxima for de-oxygenated
and oxygenated haemoglobin. For describing the curve, the
curvature of the local minima and maxima in the
investigated spectral range was used.
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The O,—Hb content in the livores was estimated with the
help of the previously described Monte Carlo skin model
using the same parameters [3]: the Monte Carlo based
calibration model was estimated for a semi-infinite half-
space with a refractive index of n.,=1.36 [4, 22, 32]. The
reflectance was calculated for a detector radius of r.=
0.5 cm. The effective particle size distribution /(d) of the
scatterer (collagen fibres and mitochondria) was calculated
from d=0.1 to 0.8 um with a discretisation of Ad=0.1 pm.
The extinction spectra of Hb, O,—Hb and CO-Hb were
taken into account for the modelling of the absorption
coefficient. The desired parameters were estimated by a
least squares fit of the measured reflectance spectrum in the
500-600 nm range, standard deviations (SD) were calcu-
lated under the assumption of Gaussian error propagation.

Results

The 84 deceased Caucasians included 58 males and 26
females aged 22-92 years (mean 54 years). In 28 cases,
there was a natural cause of death (coronary heart disease,
pneumonia, acute pancreatitis, pulmonary embolism, mas-
sive cerebral haemorrhage) and 56 individuals had died
from an unnatural cause of death (craniocerebral trauma,
polytrauma, gunshot wound, intoxication by medical or
addictive drugs). Refrigeration of the body at 4—6°C was
started 2 h after death at the earliest, usually within the first
12 h post-mortem. In 13 individuals, the BMI was <20, in
25 between 20 and 25 and in 46 it was >25.

From these bodies, a total of 360 spectra were recorded. In
the first measurements, the typical course for de-oxygenated
haemoglobin with a local minimum at 555 nm was found in
all cases except 2. Within the next days, the spectrum changed
as follows (Fig. 1): the positive curvature of the reflectance
curve at the local minimum (555 nm) decreased slowly at
first (Fig. 1: curves 2 and 3) until a plateau (0 curvature) had
formed at that site of the reflectance curve (Fig. 1: curve 4).
At the same time, there was a new local minimum directly
adjacent to the initial local minimum. The newly formed
local minimum was usually located at a wavelength of
576 nm. This local minimum became more distinct, whilst
the plateau of the reflectance spectrum developed into a local
maximum (negative curvature) of the reflectance curve and
another local minimum formed on its left side (Fig. 1: curve
5), usually at 541 nm. Occasionally, the new local minima
were seen to form in reverse order.

The chronological development of the reflectance spec-
trum in the range between 500 and 600 nm suggests an
inherent non-linear process. The related qualitative change
of the reflectance curve can be characterised by computing
the curvature of the reflectance curve at the position of the
central local extremum, such that a vanishing curvature
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indicates the transition from one to three local extrema. This
transition occurred after 44.9+17.9 h with the earliest transition
being observed after 12 h and the latest transition after 75 h.

We called this time the “critical time” (Fig. 2). After the
beginning of the curvature change, the curve developed the
typical picture for oxygenated haemoglobin within 32+
24 h. Afterwards, the reflectance curves did not show any
changes of their shape except for a shift in parallel towards
the reference line corresponding to increasing darkening of
the livores. Cause of death, age and gender showed no
correlation with the shape of the spectral reflectance curve
or its temperature-dependent chronological change.

The time from the start of the curvature change to the
full picture was dependent on the body mass index. In
underweight individuals (BMI <20), it was 28+8.5 h; in
individuals with a BMI between 20 and 25, it was 32+17.7 h
and in individuals with a BMI above 25, it was 51+£27.5 h.

The curvature change was directly related to the skin
temperature. When the measurements were started, the skin
temperature ranged between 9.3°C and 29.4°C (mean: 17.4+
4.8°C). With the exception of 2 cases in which the skin
temperature had been 9.3°C and 10°C, respectively, at the
beginning of the measurements, the reflectance curves
showed a broad minimum at 555 nm. From the very
beginning, the two exceptional cases showed spectra with
the typical course for oxygenated blood. In all the other
cases, the described qualitative change of the spectral curves
was observed for a skin temperature of 10.3+2.7°C. We called

Wavelength (nm)

this temperature the “critical temperature” (Fig. 3). After
approximately 60 h, the skin temperature reached the
ambient temperature of 4-6°C in all cases.

There was a correlation between the body mass index, the
skin temperature and the critical time. In underweight
individuals, the spectral curves started to change qualitatively
somewhat earlier than in individuals of normal weight,
whereas in overweight individuals it occurred somewhat later.
The difference was not statistically significant, however. The
same is true of the skin temperature, which was 9.2°C on an
average in underweight individuals and 11.8°C in overweight
individuals (Figs. 2 and 3) when the reflectance curve
undergoes the qualitative change from 1 to 3 local extrema.

In the 2 exceptional cases, the proportion of oxygenated
blood was already 41.6% and 70.6%, respectively, in the
first measurement. In all the other cases, the measurements
performed within the first 10 h after starting refrigeration
produced oxygen saturation values of 0—1%. In the interval
of 10 to 20 h after the start of refrigeration, the value rose to
5.1£11.1%. In the period of 20 to 40 h after starting
refrigeration, shortly before the curve changed qualitatively,
the proportion amounted to 22.9+16.9%. The mean value
at the time when the curve changed qualitatively was 25%
with a SD of 13.76%. After the curve ceased to change, the
proportion of O,-rich blood was 58.9+£26.9%. The highest
concentration reached was 89.3%. There was no correlation
between the body mass index and the O,—Hb concentration
when the reflectance curve undergoes the transition.
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Fig. 2 Box plots of the critical
time (qualitative change of the
reflectance curve after refrigera-
tion of the body) in relation to
the body mass index (BMI)

Discussion

Our investigations were based on the hypothesis that the
colour change of livor mortis seen after exposing a body to

Fig. 3 Box plots of the critical
temperature (skin temperature at
the critical time) in relation to
the body mass index (BMI)
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below a critical temperature. On the other hand, the cooling
of a body depends on the duration of the exposure to cold,
the body mass, the body surface and the gradient between
body temperature and ambient temperature [9, 10, 18-20].
However, all attempts to describe the cooling behaviour of
a body made so far used the core temperature of the body,
not the skin temperature, which is influenced by many
external factors and is thus much more variable. As the
cooling of a body is mainly due to the loss of heat via the
skin, the skin temperature is involved in this process.

A surprising result was the long time of up to 60 h it
took the skin temperature to drop to the ambient temper-
ature of 4-6°C. In contrast, the relations between BMI,
critical skin temperature and chronological order did not
come as a surprise. It is sufficiently known that the cooling
behaviour of a body depends on its mass [9-11]. As in an
overweight individual, the cooling of the body core takes
longer; it is natural that the skin temperature will also drop
more slowly than in a body of normal weight or
underweight individual.

After exposure to low ambient temperatures, livores are
usually not cherry red in all parts of the body, but show
bluish margins adjacent to the sites of pressure-induced
blanching of livor mortis. It is assumed that in those areas
the access of air is impaired and thus there is not enough
oxygen diffusing from the ambient air into the livores to
effect a change of colour. In those cases in which the
ground beneath the body shows good thermal conductivity,
post-mortem lividity often changes to cherry red beside this
bluish zone after a short interval already. An explanation for
this finding may be that in these areas the local temperature
has dropped below the critical temperature faster than in the
remaining parts of the body. However, this phenomenon
was not systematically investigated by us.

According to our studies, the qualitative change of the
reflectance curve occurred in the wave range between 500
and 600 nm when the skin temperature was about 10°C.
This is consistent with the results reported by Kessler [15]
who demonstrated that the colour change of livor mortis
occurs when the ambient temperature is lower than 15°C.
Subsequently, the spectral curve changed and the broad
band at 555 nm typical of O,-depleted blood was replaced
by 3 bands at 541, 560 and 576 nm. These are characteristic
of oxygenated haemoglobin. The change of the curve was
observed in all cases, only the chronological course
differed. The measurements confirmed the hypothesis that
the colour change of livor mortis is caused by the re-
oxygenation of haemoglobin. Moreover, they allow us to
draw the conclusion that re-oxygenation is related to the
increased binding affinity of haemoglobin to oxygen under
low temperatures because the change of the curve was
dependant on the temperature of the skin. Finally, the
values for de-oxygenated and oxygenated haemoglobin

calculated with the help of the skin model also showed that
the colour change was due to a change in oxygen saturation.
The values of oxygen saturation in the blood of livor
mortis calculated by means of the previously described skin
model [3] were in the same range as they are found in the
venous blood of the living body [8]. This is all the more
remarkable because the O,-uptake from the environment
does not occur by active transport, but in a purely passive
way by diffusion from the surrounding air into the skin.
This “passive” oxygenation, which is caused only by the
increased oxygen-binding capacity of haemoglobin under
the influence of the cold, provides an explanation for the
long interval between the beginning and end of the
curvature change. The estimated baseline values for oxygen
saturation are quite realistic. In oxymetric studies of post-
mortem heart blood and femoral blood, Maeda et al. found
values below 10% [17] in over 60% of the cases.
Saturations above 50% in the left heart blood were seen
in deaths due to hypothermia, saturation of more than 60%
was observed in those cases in which pink livores were
present. Maeda et al. stated that they could not find
correlations with the post-mortem interval or the rectal
temperature [17] although the publication does not indicate
the environmental conditions under which the bodies had
been stored post-mortem and the temperatures measured.

Acknowledgment This study was supported by the Deutsche
Forschungsgemeinschaft (German Research Council), file number
BO 1923/2-1.

References

1. Belenkaia L, Bohnert M, Liehr AW (2006) Electronic laboratory
notebook assisting reflectance spectrometry in legal medicine.
arXiv DOI http://www.arxiv.org/abs/cs.DB/0612123

2. Bohnert M, Weinmann W, Pollak S (1999) Spectrophotometric
evaluation of postmortem lividity. Forensic Sci Int 99:149-158

3. Bohnert M, Walther R, Roths T, Honerkamp J (2005) A Monte
Carlo-based model for steady state diffuse reflectance spectrom-
etry in human skin: estimation of carbon monoxide concentration
in livor mortis. Int J Legal Med 119:355-362

4. Bolin FP, Preuss LE, Taylor CR, Ference RJ (1989) Refractive
index of some mammalian tissues using a fibre optic cladding
method. Appl Opt 28:2297-2303

5. Brinkmann B, Madea B (eds) (2004) Handbuch Gerichtliche
Medizin. Springer, Berlin

6. Di Maio VJM, Di Maio DJ (2001) Forensic pathology, 2nd edn.
CRC, Boca Raton, FL

7. Forster B (1987) Praxis der Rechtsmedizin. Thieme, Stuttgart
New York

8. Guyton AC, Hall JE (2005) Textbook of medical physiology, 11th
edn. Saunders, London

9. Henssge C, Knight B, Krompecher T, Madea B, Nokes L (1995)
The estimation of the time since death in the early postmortem
period. Arnold, London

10. Henssge C, Althaus L, Bolt J et al (2000) Experiences with a
compound method for estimating the time since death. 1. Rectal

@ Springer


http://www.arxiv.org/abs/cs.DB/0612123

96

Int J Legal Med (2008) 122:91-96

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

temperature nomogram for time since death. Int J Legal Med
113:303-309

Henssge C, Madea B (2004) Estimation of the time since death in
the early post-mortem period. Forensic Sci Int 144:167—-175
Holzer FJ (1934) Uber Eigentiimlichkeiten beim Rotwerden der
Totenflecken. Z Medizinalbeamt 2:65-72

Kaatsch HJ, Stadler M, Nietert M (1993) Photometric measure-
ment of color changes in livor mortis as a function of pressure and
time. Development of a computer-aided system for measuring
pressure-induced blanching of livor mortis to estimate time of
death. Int J Legal Med 106:91-97

Kaatsch HJ, Schmidtke W, Nietsch W (1994) Photometric
measurement of pressure-induced blanching of livor mortis as an
aid to estimating time of death. Application of a new system for
quantifying pressure-induced blanching in lividity. Int J Legal
Med 106:209-214

Kessler H (1951) Zur Ditfferentialdiagnose der Einwirkung von
Kailte oder Kohlenoxyd auf die Farbung der Hypostase. M.D.
thesis, University of Heidelberg

Lins G (1973) Der Farbort der Totenflecken im Spektralfarbenzug.
Beitr Gerichtl Med 31:203-212

Maeda H, Fukita K, Oritani S, Ishida K, Zhu BL (1997)
Evaluation of post-mortem oxymetry with reference to the causes
of death. Forensic Sci Int 87:201-210

Mall G, Hubig M, Beier G, Eisenmenger W (1998) Energy loss
due to radiation in postmortem cooling. Part A: quantitative
estimation of radiation using the Stefan—Boltzmann law. Int J
Legal Med 111:299-304

Mall G, Hubig M, Beier G, Biittner A, Eisenmenger W (1999)
Energy loss due to radiation in postmortem cooling. Part B:
energy balance with respect to radiation. Int J Legal Med
112:233-240

Mall G, Eckl M, Sinicina I, Peschel O, Hubig M (2004)
Temperature-based death time estimation with only partially

@ Springer

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

known environmental conditions. Int J Legal Med 119:185—
194

Mueller B (1975) Gerichtliche Medizin, 2nd edn. Springer,
Heidelberg

Perelman LT, Backman V, Wallace M et al (1998) Observation of
periodic fine structure in reflectance from biological tissue: a new
technique for measuring nuclear size distribution. Phys Rev Lett
80:627-630

Prokop O, Gohler W (1976) Forensische Medizin, 3rd edn.
Fischer, Stuttgart New York

Saukko PJ, Knight B (eds) (2004) Knight’s forensic pathology,
3rd edn. Arnold, London

Schuller E, Pankratz H, Liebhardt E (1987) Farbortmessungen an
Totenflecken. Beitr Gerichtl Med 45:169-173

Schuller E, Pankratz H, Wohlrab S, Liebhardt E (1988) Die
Bestimmung des Farbortes der Totenflecken in Beziehung zur
Wegdriickbarkeit. In: Bauer G (ed) Gerichtsmedizin. Festschrift
fiir Wilhelm Holczabeck. Deuticke, Vienna, pp 295-302
Schwerd W (1992) Rechtsmedizin, Sth edn. Deutscher Arzte-
Verlag, Koln

Spitz WU (ed) (1993) Medicolegal investigation of death, 3rd edn.
Thomas, Springfield, IL

Vanezis P (1991) Assessing hypostasis by colorimetry. Forensic
Sci Int 52:1-3

Vanezis P, Trujillo O (1996) Evaluation of hypostasis using a
colorimeter measuring system and its application to assessment of
the post-mortem interval (time of death). Forensic Sci Int 78:19-28
Walther R, Roths T, Bohnert M, Honerkamp J (2004) Monte Carlo
based model for steady-state diffuse reflectance spectroscopy.
Proc SPIE 5261:70-81

Zonios G, Perelman LT, Backman V, Manoharan R, Fitzmaurice
M, Dam JV, Feld MS (1999) Diffuse reflectance spectroscopy of
human adenomatous colon polyps in vivo. Appl Opt 38:6628—
6637



	Re-oxygenation of haemoglobin in livores after post-mortem exposure to a cold environment
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


