The Itrax Multiscanner
Some features, principles and applications

This X-ray scanner provides high resolution density measurements,
XRF multi-element spectroscopy, and optical images

Typical application areas are;
• Paleoclimatology
• Forestry
• Environmental studies

Some Itrax Multiscanner features
• Instrument combining density XRF for multi-element analysis, and optical imaging,

• Down to 10 micrometer lateral radiographic resolution in sample length direction
• Primarily used for wood analysis, this instrument also applies to e.g. speleothem,
corals and epoxi embedded sediment samples.
• Wood sample thickness from 1-50 millimeters (1-2 millimeter laths recommended)
• High density data quality with calibrated density data in every pixel of the density
images. Measurements based on x-ray radiography.
• XRF multi element analysis; Al, Si, P, S, Cl, K, Ca, Ti, V, Fe, Ni, Cu, Zn, As, Rb, and
Sr are usually detected in wood. The XRF beam footprint is down to 0.05 mm in
the sample length direction and 2(/1) mm in the perpendicular direction.
• The Multiscanner sample holder allows for unattended analyses of nine wood laths
(minimum lath width is 8 millimeters)
• Each sample slot is 280 millimeters long. A holder for large samples is also available
The Core Scanner is our instrument for sediment scanning, and that instrument can
also be equipped to allow for wood analysis

The Multiscanner offers a combination of density,
XRF, and optical data
The optical image below shows a wood lath that was scanned when mounted in the Multiscanner sample
holder. In the central part of the image, the radiographic image is overlaid. The Calcium profile (blue) is
superimposed.

The image to the left shows the reproducibility of a Calcium analysis.
Here, a sample was scanned twice for Ca, and the two data sets are in
red and blue, respectively.

The Multiscanner offers very high speed of analysis,
data quality and reproducibility

The combination of radiography and XRF

The combination of XRF and radiography opens
new possibilities. XRF is a fast and non-destructive
multi-element technique that performs the
analyses without touching the sample surface.
Using the Multiscanner, you know that your data
from XRF and radiography come from exactly the
same position, and where in the sample each XRF
analysis has been performed. The non destructive
feature leaves the sample intact for re-analysis,
further analyses or storage.
The XRF analysis can be performed within one
single year ring of wood, while preserving the
sample intact

High XRF resolution shows details on
a sub-year ring level
Ca

XRF data can be analyzed with
any lateral resolution down to 50
micrometers which usually
means that several analyses can
be performed within one year
ring. Beam width is 2 (optionally

1) millimeter.
These images show three steps
of magnification of the same
sample and data, to display the
level of detail that can be
achieved.
Please note that there are a
number of measurements per
year ring, showing the variation

in concentration with high detail.

More examples on the multi-element feature of XRF
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The following elements are usually detected in wood:
(Mg), (Al), Si, S, Cl, K, Ca, Ti, , (Ba), (V), Cr, Mn, Fe, (Ni), Cu, Zn, Br, Rb, Sr, and (Pb).
Some elements depend on x-ray tube type. Elements within parenthesis can be detected
sometimes, depending on concentration and time for analysis.

XRF detection limits
The following elements are usually detected in wood:
(Mg), (Al), Si, S, Cl, K, Ca, Ti, , (Ba), (V), Cr, Mn, Fe, (Ni), Cu, Zn, Br, Rb, Sr, and (Pb).
Some elements depend on x-ray tube type. Elements within parenthesis can be detected
sometimes, depending on concentration and time for analysis.

Element
Mg
Al
Si
P
S
Cl
K
Ca
Ti
Ba
V
Mn
Fe
Ni
Cu
Br
Zn
As
Rb
Sr
Pb

Detection limit in PPM
5400
960
390
237
160
99
25
12
9
11
37
100
40
19
18
28
18
26
24
21
48

These are the detection limits
in wood when using the
standard Cr anode x-ray tube
and 10-20 seconds analysis
per point.

A Cu anode x-ray tube should
be used when V, Cr, Mn,
and/or Fe is of interest.
If better sensitivity for some
specific element is required,
please contact us for more
information.

The X-ray flat-beam technology used
Multiscanner radiography

Conventional radiography
X-ray tube

A big advantage of scanning

In conventional radiography,

one line at the time is that

the whole sample is exposed

the measurement always has
the same angle to the
sample surface

Moving sample
Collimating system
And digital medium

The Multiscanner uses a digital x-ray line camera for
precise and quick data collection

at one time
Such system use a source at
long distance

Fixed sample

Film

Two drawbacks of the traditional technique are that the
films need development with chemicals and that film
usually produces fairly noisy data. XRF is not applied in
conventional systems.

Radiography
It is a challenge to combine
 High speed of analysis

 High data quality, i.e.
minimized scatter
high data precision
large dynamic range
high resolution
 Immediate display

The Multiscanner achieves this by:
 Scanning with micro-beam
 High power soft X-ray tube; kW level
 Flat beam x-ray optics
 X-ray line camera with digital data collection
line by line

The image to the left represents the
Multiscanner principle. A very narrow xray beam in the wood radial direction
will project the year rings sharply onto
the collecting medium. On the other
hand will a wider beam produce a more
blurred image, since the x-rays come in
at a larger angle to the wood structure.

XRF

Sample
holder

Density
sensor

XRF
detector

X-ray
microbeam

The XRF (X-Ray Fluorescence) is an extra feature that can be added to the Multiscanner
for those who wish to perform multi-elemental analysis on the year ring scale, or sub-year
ring scale. It has a number of attractive features:
 Non destructive to the samples
 High speed and sensitivity of analysis thanks to the high power X-ray tube
 The x-ray optics dimensions allow for down to 50 micrometer analyses
 SDD large area detector with high state of the art performance
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The Multiscanner sample holder for wood laths is removed from it’s position before
inserting new samples, for convenience.
The samples are then inserted into the slots, as shown here.
Each slot has an open slit in the center, through which the radiographic and XRF
measurements are done.
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The sample holder, with the samples mounted, is
scanned on the optical scanner, and after that mounted
in the Multiscanner

Scanning the sample holder

Mounting it in the Multiscanner
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The Multiscanner can be delivered with a sample holder for larger samples. This

sample holder can be designed to your needs (no picture). The maximum sample
size is 280x280 millimeters. With this sample holder, you can analyze e.g. wood
discs, speleothem and corals.
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The Navigator software interface
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Set up the analysis from the Navigator software.
• After scanning the sample holder, it appears on the screen
• Set the analytical parameters, or open stored standard settings that you have saved earlier
• Choose either Batch mode or One sample mode.
• In Batch mode, set length of each sample. All samples will then be scanned
with the same sample settings

• In One sample mode, define area for density analysis by drawing a rectangle, and/or XRF
along a line you draw using a set of graphical Free hand tools to draw a straight
or curved line that the XRF scan should follow.
• Start the analysis
• Leave the machine working
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This screen dump shows the ReDiCore post processing
software that is included in all Multiscanner deliveries. Here,
all XRF data can be processed and matched to the optical and
radiographic sample images.
Element distribution profiles and element ratio profiles are
displayed vertically beside the sample images and can be
overlaid on the image data. In this example K is displayed as a
blue graph and Ca in red. Scaling functions etc. facilitate this
work. Please note that the element profiles are not noisy, but
describe the variation in the wood
The plot to the lower right in the image shows the same data
as in the distribution graphs, but here shown in a correlation
diagram of blue and red dots, which can be used to analyze
how elements group and how this relates to the position.
The elements or element ratios to display are selected by the
user. A cut-and-paste function makes it easy to copy data into
Word, Excel and other files. The data examples shown on
pages 3,4 and 5 were produced using this tool.
XRF data are also available as an ASCII file.
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Density data post processing:
The resulting density images are opened
in WinDendro.

TM

In this state-of-the-art tool for wood
density work, the user marks lines (blue
vertical lines) that indicate where the
density data should be extracted from
by the software.
An extracted density profile along the
center line is shown to the left.
Green lines mark early wood/late wood
boundries.
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Time examples for analysis

Radiographic analysis:
- 17 minutes per 10 centimeters
at 10 micrometers resolution

XRF analysis

- 8 minutes per 10 centimeters
at 20 micrometers resolution

seconds exposure time per point,

36 minutes per 10 centimeters at 100
micrometers lateral resolution at 2
(which is standard time for analysis)

- 3 minutes per 10 centimeters
at 50 micrometers resolution

Sample preparation of wood includes drying, resin removal, sawing in a twin blade saw, and humidity
balancing for best results. Post analysis data processing is done in WinDendro

Other sample types

The Multiscanner allows
for drill core scanning as a complement to laths. For XRF, a flat surface is recommended on the core.
For absolute density values, the sample thickness needs to be known.

Layered structures in a speleothem

The profile shows the Sr/Ca ratio

Disc scanning is done by scanning strips and applying
stitching technique
Larger samples require another type of sample holder

application

Density and dendrochemistry in Forestry

Applications in Forestry include
understanding and prediction of
wood formation and wood
properties and how they are
affected by silvicultural measures,
genetic breeding programmes and
long term changes in growth
conditions such as climate change.
It offers possibilities to do analyses
on intra-annual ring level and
relate them to detailed weather
and growth conditions like water
and nutrients, incidence of snow
and wind damage as well as biotic
damages such as insects,
pathogenic fungi, etc. The XRf can
be of great help here.

application

Applications in Environmental Science
Fe

Zn

Co

Mn

V

Cr

The tree that is sampled here started growing in the plume of a melting plant at a time with heavy pollution,
as seen in the concentrations of several metals in the drill core center, and even in the color of the wood.
After introduction of plume filtering, the concentrations fell drastically, as determined here by XRF.
The tree uptake of such pollutants is mainly through the ground.
Data with courtesy of Dr. Henry Lamb, University of Wales, Aberystwyth. This examination was performed with an Itrax Corescanner

application

Year ring identification in tropical wood
Ca
K

Detection and width measurement of year
rings in trees with unclear year rings is greatly
facilitated by element profiles.

Elements of interest are primarily Calcium and
Potassium, but also other elements show
similar, year bound variation.

False year ring identification seems to be a
possibility for different species.

An XRF beam (analytical footprint) of
0.05x2 millimeters was used

Tropical wood images and data with courtesy of Dr. Zhongqui Cheng, LDEO, USA
Pine images and data with courtesy of Dr. Håkan Grudd,Stockholm University, Sweden

application

Drillcore from tree exposed to
clorinated solvent

This Clorine profile indicates increased clorine levels over several years
The tree growth is clearly reduced from 1989, possibly by intoxication
These types of investigations always include control samples and other analyses not shown here

This technique is in use in environmental law court cases in the US, Germany etc.

From Balouet et. Al. ”Applied Dendroecology and Environmental Forensics. Characterizing and
Age Dating Environmental Releases: Fundamentals and Case Studies”.
Environmental Forensics, 8:1–17, 2007

application

Drillcore from tree exposed to
a heating oil ground leakage

The Clorine and Sulphur profiles indicate ground leakage during several years
Thes investigations also include control samples and other analyses, not shown here

From Balouet et. Al. ”Applied Dendroecology and Environmental Forensics. Characterizing and
Age Dating Environmental Releases: Fundamentals and Case Studies”.
Environmental Forensics, 8:1–17, 2007

application

Methodological guide for Pollution investigation by Trees
In this guide, the
authors describes in

detail how pollution
investigations can be
carried out by
investigating the content

of wood in trees, as
briefly described on the
earlier two pages.
authors:
Chris BALOUET, Environnement
International
Michel CHALOT, Université de
Lorraine et Université de
Franche-Comté
http://dendroremediation.u
niv-fcomte.fr/

application

Density measurements in paleoclimatology

In this example, H. Grudd achieved correlation up to
0.84 with instrumental data in a reconstruct of the
north Fennoscandian summer temperature over the
last 1500 years.
Grudd H, (2008): Torneträsk tree-ring width and density AD 500 –
2004: A test of climatic sensitivity and a new 1500-year
reconstruction of north Fennoscandian summers. Climate Dynamics,
31: 843-857. DOI:10.1007/s00382-007-0358-2.

