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Abstract Witness marks produced on bone by the use of
saws have traditionally been examined using stereomicro-
scopy. The marks are typically found on the kerf wall or floor
and give important information about the implement that
made them. This paper describes a new approach to the
analysis of witness marks left on kerf walls and floors from
crimes involving dismemberment. Previously, two types of
marks have been identified: deep furrows formed during the
pull stroke and fine striations formed on the push stroke.
These types of striation allow the class of saw to be identified,
but not an individual saw. With the advent of environmental
scanning electron microscopy (ESEM), insulating materials
can now be examined without the need for conductive
coatings to be applied. This allows materials to be examined
at higher magnifications than those available with stereo-
microscopy. Here we report on a new, third type of striation
that is visible at higher magnifications on ESEM images.
These striations are formed from the imperfections on the
cutting teeth of saws and give real possibilities of uniquely
identifying whether or not a particular saw was used to cause
the mark. In blind trials conducted on sawing of nylon 6.6,
different individual saws could be successfully identified even
if different people used the saw. We discuss ways in which
these results can be extended to bone and how this may assist
in the investigation of the act of dismemberment.

Keywords Forensic . Tool mark . Bone . Saw .

Environmental scanning electron microscope

Introduction

Postmortem dismemberment is generally conducted using
axes, knives, or saws. There are two types of dismember-
ment that are commonly seen: localized, such as the
removal of the head or hands in an attempt to hinder
identification of the victim, or generalized at multiple sites
(commonly bisection of limbs or disarticulation of the
joints) to aid in the disposal of the body [1]. Where saws
are used in the dismemberment, characteristic witness
marks (tool marks) are left on the bone. The nature of the
mark that is left depends on the size, shape, width, and set
of teeth and the sawing action of the user. The analysis of
saw marks is complex because the saw has multiple cutting
teeth and is repeatedly moved to generate the witness mark.

The slit mark made by a saw is referred to as the kerf
(Fig. 1). Kerf walls and floors contain important informa-
tion about the saw that was used [2, 3]. The kerf wall is the
vertical part of the cut and consists of a number of deep
furrows and fine striations. The deep furrows are formed
during the pull stroke of the cutting action when the teeth of
the saw blade are all in alignment. Counting the number of
deep furrows within the kerf wall thus allows one to
attempt to calculate the number of strokes made to cut the
material. The fine striations are formed on the forward push
stroke when each tooth on the blade enters slightly lower
than the previous one. The number of striations correlate to
the number of teeth used in the stroke (typically two thirds
of the total number of teeth) [4]. Sometimes, vertical marks
are left when the blade is removed from a jammed stroke.
These vertical marks give a measure of the tooth distance
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(either between adjacent teeth or a multiple of this). Kerf
floors contain information about the points of individual
teeth and their relation to each other. Kerf floors are
commonly found where a partial cut has been made, or in
the spur of bone that is produced at the final fracture. The
analysis of kerf walls and floors allows essential informa-
tion to be determined on the class of saw used in a
dismemberment [3]. It is, however, more difficult to
determine whether an individual saw has been used, and
this relies on damage to the saw leaving a characteristic
mark or, as we will demonstrate, examination of the bone
using environmental scanning electron microscopy
(ESEM).

This paper reports on the use of ESEM to characterize
saw marks on bone with the aim of allowing forensic
pathologists/scientists to match the witness marks on bone
with saws used in dismemberment. It illustrates the two
types of marks previously reported that can be imaged on
bone and describes for the first time a previously
unreported mark left on the bone that can be imaged by
the ESEM and which may be used to identify a specific saw
that has been used in the act of dismemberment.

Classification and description of saws

A saw is essentially a piece of metal with teeth cut into it.
The most basic discrimination between saws is the number
of the teeth, which is measured in points per inch or teeth
per inch. Most saws are set, which means that the teeth
bend to alternate sides. The set widens the kerf width and
helps prevent the blade from binding or bending. The set
patterns can be any of the following:

– Alternate (most common), where the teeth are alter-
nately bent in opposite lateral directions.

– Raker, where the raker is a specialized tooth that occurs
every fifth to seventh tooth to rake materials or
imperfections from the kerf floor. The rakers them-
selves are not set but the teeth between them are.

– Wavy set, where groups of teeth are alternately bent to
the sides. Wavy-set saws have small teeth, which
makes bending individual teeth difficult [3].

The shape of the saw tooth is also important, and this is
generally classified as either rip or crosscut. Rip-cut teeth
are flat chiselling teeth usually found on wood saws and
designed to cut along the grain of the wood. Crosscut teeth
are filed at opposing angles, typically 70°. The tooth
terminates in a point and the teeth cut material rather than
chisel it.

Experimental method

To investigate whether saw marks on bone can be related to
the instrument that made them, we have investigated saw
marks from both a number of different saws and on
different types of bone and synthetic analogs. Owing to
the difficulties of using human bone for experiments, it was
important to identify a suitable bone analog. A suitable
analog should retain impressions in a similar way to human
bone, should be of similar cross-sectional area, should be
easy to obtain, and should be nondecaying.

Because there are significant difficulties associated with
obtaining suitable tensile specimens from bone, a series of
hardness tests were performed to identify the typical
mechanical properties. Vickers hardness testing has previ-
ously been used to study the properties of bone by Weaver
[5] and Zysset et al. [6] and has the advantage that the
values obtained can be related to the yield stress of the
material. A number of animal bones, pig femur and tibia,
beef femur, venison, and lamb femur and tibia, were tested.
The hardness test results were compared to the properties of
a right femur from a deceased 74-year-old man whose bone
was legally donated for research under the Human Tissue
Act 1961 (Statutes in Force). Bone samples were prepared
by extracting cubes of ∼15 mm3 using a deSouttre
postmortem saw (deSoutter Medical, Hertfordshire, UK)
and a pair of bone clippers. The samples were mounted in
Struers Specifix-20, a room temperature setting resin, and
then polished using standard metallographic preparation
techniques to produce a flat, scratch-free surface.

The bone samples were oriented to allow testing either
on the external surface of the cortex or at a number of
points across the cortex. Hardness testing was then
conducted using a Mitutoyo MVK-G1 Vickers hardness
tester (Mitutoyo, Andover, UK) with a load of 1 kgf, a
loading speed of 70 μm s−1, and an indenter dwell time of

Fig. 1 The common features of a saw mark on bone

350 Int J Legal Med (2007) 121:349–357



10 s. Indentations were made at three points across the
cortex and the external surface, and six indentations were
made to allow an average to be obtained.

Environmental scanning electron microscopy

ESEM was performed using a FEI Philips XL30 ESEM
(FEI, Eindhoven, Netherlands). Typically secondary
electron images, which carry topographic information, were
obtained using the proprietary large field detector and
imaging conditions of 15 kVand a spot size 5. The chamber
pressure was 1 Torr, using water for the imaging gas.

Saw tests

A series of tests were made on pig femurs to investigate the
different types of mark that could be seen on the kerf floor
and the kerf wall. Additionally, a series of false-start kerfs
were made to investigate whether or not saws could be
identified from the measurements of kerf-floor width.

To investigate the effects of pressure, velocity (speed of
cut), cutting angle, and number of teeth used on the witness
marks, a series of tests were conducted on pig bone. In
these tests, a saw was mounted in a Wickes professional
miter saw (Wickes, Northampton, UK), as this allowed
some variables to be controlled.

For the investigation of pressure, experiments were made
to try attaching weights to the saw, but these often gave a
skewing action on cutting. Therefore, a relatively subjective
assessment of pressure was made with three distinctions:
pressing hard, pressing soft, and using an intermediate
pressure. To investigate the effects of speed, a Seiko
DM-20 digital metronome (Seiko, Berkshire, UK) was used
to dictate the speed of the cuts; samples were produced for
fast (100 strokes per minute), medium (60 strokes per
minute), and slow speeds (40 strokes per minute). In a
typical dismemberment, it might be expected that initially
frantic efforts are used, and then, as the sawyer becomes
tired, fewer strokes per minute are used. Therefore, it was
important to see whether this affects the type of marks that
are left. Also, dismemberments may involve several people,
and therefore, it is important to see whether the person
sawing influences the marks left, as well as the effects from
the tool.

Samples were produced with varying numbers of teeth in
the cut. Tests were made with 100, 60, and 40 teeth
involved in each stroke. The horizontal angle of cut was
also varied and samples were produced at 90, 60, and 45°
to the horizontal plane. To examine whether or not it was
possible to uniquely identify a particular saw used, a series
of blind trials were conducted by sawing in nylon 6.6. This
material was chosen as it was found to display type C
striations well (described below). Although Katterwe has

previously recommended Mikrosil as a substitute material
for the investigation of tool marks, this material contains
residual plasticizer, which cannot be placed into the
vacuum of the ESEM [7].

A crosscut saw was used, as rip-cut saws were found to
fold the polymer and hinder identification. Chains of
images were taken at a magnification of 100× using the
ESEM. These images were taken and then stitched together
in Adobe Photoshop Elements v2.0 (Adobe Systems, San
Jose, CA, USA), and image matching was performed in
ImagePro Plus v4.0 (Media Cybernetics, Berkshire, UK). A
series of tests were performed. First, three sawyers were
used to produce marks with four different saws: a
Homebase Dynamic Teeth setting handsaw (Homebase,
Stafford, UK), a Stanley jet cut saw with 7 teeth per inch
(tpi) (Stanley, Sheffield, UK), a Stanley jet cut saw with
11 tpi (Stanley, Sheffield, UK), and a Jack hardpoint
handsaw (Irwin Industrial Tools, Sheffield, UK). Subse-
quently, a test was made with four previously unused Jack
Jackplus hardpoint handsaws (Irwin Industrial Tools, Shef-
field, UK). This is commonly believed to be the most robust
test of whether an identification is truly unique. Finally, an
additional five previously unused Jack Jackplus hardpoint
handsaws were tested to give additional confidence in the
results.

Results and discussion

Hardness testing

The results of the hardness testing are shown in Table 1.
The average hardness of the surface of the human cortical
bone was found to be 39.5 Vickers hardness number (VHN)

Table 1 Average hardness values with standard deviation for a human
cortical bone as compared to various animal bones

Hardness
(kg mm−2)
surface
hardness

Hardness
(kg mm−2)
across
cortex

Standard
deviation
surface cortex

Human cortical bone 39.5 (n=8) 39.4 (n=24) 2.59
5.74

Venison tibia 54.8 (n=6) 66.8 (n=18) 4.76
3.78

Pig femur 26.0 (n=6) 37.1 (n=19) 1.00
4.42

Lamb tibia 32.6 (n=6) 43.3 (n=18) 1.37
4.03

Lamb femur 33.2 (n=6) 44.1 (n=18) 1.14
6.36

Beef femur 32.2 (n=6) 46.5 (n=18) 1.10
5.67
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(or kg mm−2). The average hardness across the cortex was
found to be 39.4 VHN (or kg mm−2). For the animal bones,
it is noticeable that the surfaces hardness values are, on
average, 24% less than across the cortex. The hardness of
the surfaces were measured 1 day after the hardness
measurements on the cortex, and the 24% difference may
be explained by bacterial degradation leading to a softening
of the bone [5]. The hardness results found here compare
favorably with values from the literature [6, 8, 9]. It should
be noted that variations in hardness values are found for
different bones in the same individual and for people of
different ages, and therefore, the data given here should be
seen as an indication of the properties found rather than
absolute values. The results for the hardness testing of the
different animal bones showed that pig femur gave a
reasonable match with the hardness of human bone.
Additionally, it was found that pig femurs showed the
same types of marks as human bones when cut; and
therefore, because they were readily available for testing,
these were used in subsequent experiments. The femurs
were prepared by removing the proximal and distal ends of
the bones and then removing the bone marrow from the
shaft to provide tubes. All bones where then stored at
−20°C until required. The bones were then thawed prior
to testing.

Kerf wall analysis

Previous analysis of saw marks on the kerf wall has largely
been performed at low magnifications (typically 10–40×)
using standard reflected light microscopy [2–4]. With
ESEM, there are three types of striations that can be
identified on the kerf wall, which are designated the
alphabetical nomenclature within this paper as type A, B,
and C striations. Figure 2 shows a diagrammatic represen-
tation of these striations, with Fig. 3 showing ESEM
micrographs of the three types.

Type A striations are large bands that appear on the kerf
wall bordered by deep furrows. These are clearly shown in
Fig. 3a, the striations being typically 1–4 mm in size,
representing the amount of material cut on each stroke. The
deep furrows are produced as the saw is drawn backwards
on the passive pull stroke when the teeth on the blade are
all in alignment.

Type B and C striations can be clearly identified in
Fig. 3b. Type B striations are multiple small striations that
appear within type A striations. These are smaller bands
that are typically in the region of 30–400 μm in size and are
related to the amount of material that is cut by each
individual tooth. The spacing of type B striations can be
identified by the generally brighter bands on the ESEM
image. The bright contrast arises from the fact that the
emission of secondary electrons is strongly influenced by

topography. Deeper, broader striations allow additional
secondary electrons to be emitted from these regions,
which manifest as brighter contrast on the image. In some
cases, type B striations are difficult to define.

Type C striations are seen within type B striations. Type
C striations are highly irregular, with some bands smaller
than 1 μm. These bands are created by imperfections along
the leading edge of the saw teeth and are thought to be
unique to each tooth (Fig. 4). Type C striations have not
been previously reported in the literature and are only
visible using the higher magnification available in the
ESEM micrographs.

Kerf floor analysis

Kerf floors are seen in three different types of cut. These can
be classified as superficial false-start kerfs, breakaway spurs
formed when the bone fractures, and deep false-start kerfs.

A range of kerf floors on breakaway spurs for nine
different saws were examined using a stereo microscope
(Olympus SZ-X12, Olympus, Tokyo, Japan). It was
possible to clearly identify the kerf width from stereomi-
croscope images. Additionally, internal marks could some-
times be seen on the kerf floor. Previous investigators have
noted that the kerf width correlates with the saw set [2, 3].
Different classes of saw have different teeth sets, as they are
designed for differing applications; therefore, the kerf width
should give a good indication of the saw class. Samples
with breakaway spurs were prepared by clamping pig
femurs in the vice and then cutting a 7–10-mm-thick
section from the bone. A total of 90 samples were
produced, of which 77 gave good-quality breakaway spurs.

Fig. 2 The different types of striations seen on the kerf wall under
ESEM

352 Int J Legal Med (2007) 121:349–357



The remaining 13 gave partial breakaway spurs, and these
were discarded. After cutting, the samples were immersed
in 10% formalin for 24 h, then removed and left to dry for
at least 48 h for any shrinkage to stabilize. The degree of
shrinkage was not quantified. The results for the different
saws can be seen in Fig. 5, which shows that the kerf floor
widths created by the different saws are often distinct, but
not uniquely so. It can be seen that, generally, the values of
kerf width are distinct, but there are several bands marked

on the figure which show overlap between two different
saw types. This demonstrates that if several saws are used
in a dismemberment, then the kerf floor width can
sometimes be used to identify which saw left which mark,
but not if two (or more) saws give similar kerf widths.
Typical examples of superficial false-start kerfs and deep
false-starts in pig femur are shown in Fig. 6.

Superficial false-start kerfs have a high quality of kerf
floor, which gives the best quality of information. Break-

Fig. 3 a Type A striation.
b Type B (marked by the
white lines) and C striations
(horizontal marks within each
type B striation). The spacings
between type B striations are
shown in the figure
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away spurs are variable in quality; sometimes the kerf floor
is amenable to analysis, but often the kerf floor is
incomplete. Deep false-start kerfs do not allow the kerf floor
to be seen in any detail. It is possible to measure the width of
the kerf, but the measurements show a large spread in the
data, which makes interpretation difficult. Although it may
be possible to see detail related to the set of the saw teeth,
e.g., raker and nonraker, or even teeth detail, if other types
of data are available, then these should be used for analysis
(Fig. 7).

Effect of pressure, velocity, angle, and number of teeth

The experiments that investigated varying pressure used a
relatively subjective approach of pressing hard, soft, and
somewhere in-between, and the cutting speed was varied
between 100, 60, and 40 strokes per minute. In practice, it
was difficult to separate the effect of the two variables, as
the harder the saw is pushed the faster the blade travels. As
would be expected as pressure/velocity increased, fewer
strokes were required to cut the bone. Detailed examination
of type A and type B striations on kerf walls showed that,
as the pressure/velocity increased, the spacing of the
striations also increased. The number of type A striations
seen correlated well with the number of strokes required to
cut through the bone. However, the variation in spacing
with pressure and velocity means that type A and type B
striations do not offer a robust method for identifying a
particular saw or class of saws.

The effect of varying cutting angle was found to vary the
number of cuts to cleave the bone. The shallower the angle
of attack, the greater the number of strokes required. The
effect of varying the number of teeth in the cut also varied
the number or strokes to cleave the bone. The more teeth in
the cutting, the fewer the strokes required.

We postulate that type C striations are formed by the
imperfections along the leading edge of a saw tooth, which
means that they are related to the initial manufacture or the
detailed way in which a saw has worn. The advantage of
these (type C) striations is that as the user presses harder,
more of a tooth is engaged in a cut; thus, the striation
spacing remains constant but more type C striations are
visible between the type B striations. This gives a unique
way of identifying whether or not a particular saw has been
used to form a cut.

Blind trials

To investigate whether it is possible to uniquely identify a
saw from the type C striations, four unidentified people
were used to make saw cuts in nylon 6.6. Nylon 6.6 was

Fig. 6 False-start kerfs (top) and kerf floors (lower) from trials in pig
femur

Fig. 5 Kerf widths for different saw classes. The bands show
overlapping kerf widths for different saw types, which indicate that
these measurements can be used for identifying possibilities rather
than unique implements

Tooth D

Tooth C

Tooth A

Tooth B

Fig. 4 The theorized formation of type C striations caused by each
tooth (for example, teeth A–D, etc.) in the direction of passage of the
saw (arrow)
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chosen for these tests as bone is subject to drying and
dimensional changes when placed in the ESEM.

Three of the unknown sawyers were men; two were
competent saw users and one had little previous experience
of sawing and was left handed. Each person made marks
with four different saws and the marks were compared to
marks produced by the same saws by one of the authors. An
example of the matching of marks is shown in Fig. 8, which
shows striation matching between the reference sample and
three insets from other cuts made with this saw. It can be
seen that there is an excellent correlation of the saw marks
with the type C striations. Figure 9 shows examples of
matching of marks from different saws by different sawyers.
Again, there is excellent correlation between the images. For
each participant in these tests, all the marks were correctly
matched to the saw that produced them. This indicates that
the marks are independent of the person involved in making
the marks and are representative of the blade that was used
to make them.

For the blind trials with the same make of unused saw
(the previously unused Jack Jackplus hardpoint handsaws)
four different sawyers were used: a female novice sawyer
and the same three sawyers from the previous trial. Again,
all the saws were matched correctly for each participant.

For the extension of the test with the same saw, a single
sawyer was used, but there were now nine saws of the same
type to match. Again, suspect marks were created and
matched using the format previously applied. All nine
groups of samples were correctly matched.

The blind trials show that type C striations are an
excellent way of uniquely identifying a particular saw used
to leave witness marks on materials. Burd and Kirk [10]
state that greater than 60% correlation between striations is
proof of positive identity. The type C striations can be
matched with better correlation than this, showing that this
is a robust method of tool identification.

However, to extend this ability to matching tools used in
dismemberment, a method has to be found for correctly
preserving the marks left on bone without shrinkage to
enable examination of the striation spacing in the ESEM.
Having said that, if one has a dismembered length of bone
on which there is a kerf wall and one has one or more
suspect saws available, then kerf walls could be produced
with the suspect saws on this bone, away from the original
wall, and all can then be examined within the same ESEM.
This way, any bone shrinkage should apply to all samples
from the same bone and type C comparison may then be
possible.

Fig. 7 a A false kerf-start produced by a raker saw (arrow). b The
width of the false-start kerf can be measured (arrow). c The marks in
the base of the false-start kerf (upper image) caused by the teeth of the

saw with the saw that caused the mark (lower image). Various mea-
surements can be taken (arrows). Images taken with a stereomicroscope
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Finally, when multiple dismembered body parts are
discovered, comparison of the kerf wall striations from
different bones, for example, femur, humerus, and verte-
brae, allows the investigator to consider whether one or
more saws were used in the process of dismemberment of
the body. Then again, if bones from several bodies are
found, allowing for the effect of bone shrinkage, consider-
ation can be made as to whether one saw was used on
different bodies. Thus, in this scenario with the use of type
C striations, it may be possible to link a series of
dismemberments to one saw.

Conclusions

The ESEM has allowed a comprehensive analysis of the
striations and furrows left on bone by saws. The striations
on the kerf wall can be classified into three types: type A,
type B, and type C. This is the first report of type C
striations, which have not been previously observed using
standard reflected light microscopy techniques. Type C
striations are unique to the tooth of the saw, and therefore
offer the possibility of uniquely identifying whether or not a

particular saw has been used in a case of dismemberment.
In blind trials, nine identical saws could be correctly
identified by matching type C striations in nylon 6.6.

Acknowledgement Mr. Graham Clark is thanked for his assistance
with the ESEM.

References

1. Reichs KJ (1998) Postmortem dismemberment: recovery, analysis
and interpretation. In: Reichs KJ (ed) Forensic osteology-advances
in the identification of human remains. Charles C Thomas,
Springfield, pp 353–388

2. Symes S (1998) Morphology of saw marks in human bone:
introduction and examination of residual kerf contour. In: Reichs
KJ (ed) Forensic osteology, advances in the identification of
human remains. Charles C Thomas, Springfield, pp 389–409

3. Andahl RO (1978) The examination of saw marks. J Forensic Sci
Soc 18:31–46

4. Bonte W (1975) Tool marks in bones and cartilage. J Forensic Sci
20:315–323

Fig. 9 a Matching of type C striations for participant 1, saw 4, for the
unused Jack JackPlus hardpoint handsaw trials. b Matching of type C
striations for participant 4, saw 2, for the unused Jack JackPlus
hardpoint handsaw trials

Fig. 8 Matched type C striations. The three insets are marks made by
the same tool that have been matched to the striation spacing as can be
seen on close examination of the figure

356 Int J Legal Med (2007) 121:349–357



5. Weaver JK (1966) The microscopic hardness of bone. J Bone
Joint Surg Am 48(2):273–288

6. Zysset PK, Guo XE, Hoffler CE, Moore KE, Goldstein SA (1999)
Elastic modulus and hardness of cortical and trabecular bone
lamellae measured by nanoindentation in the human femur.
J Biomech 32(10):1005–1012

7. Katterwe H (1996) Modern approaches for the examination of
toolmarks and other surface marks. Forensic Sci Rev 8(1):46–72

8. Reilly D, Burstein AH (1974) The mechanical properties of
cortical bone, a review article. J Bone Joint Surg Am 56
(5):1001–1022

9. Rho JY, Kuhn-Spearing L, Zioupos P (1998) Mechanical
properties and the hierarchical structure of bone. Med Eng Phys
20(2):92–102

10. Burd DQ, Kirk PL (1942) Tool marks, factors involved in their
comparison and use as evidence. J Crim Law Criminol 32:679–686

Int J Legal Med (2007) 121:349–357 357


	Cutting crime: the analysis of the “uniqueness” of saw marks on bone
	Abstract
	Introduction
	Classification and description of saws
	Experimental method
	Environmental scanning electron microscopy
	Saw tests

	Results and discussion
	Hardness testing
	Kerf wall analysis
	Kerf floor analysis
	Effect of pressure, velocity, angle, and number of teeth
	Blind trials

	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


