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Beamline Overview

*Beamline X26A at has been used as a synchrotron x-ray microprobe since 1986
*Remains the only dedicated hard x-ray microprobe available to users at the
NSLS.
Participating Research Team (PRT)
*The University of Chicago’s Consortium for Advanced Radiation Sources
(CARS)
*The University of Georgia’s Savannah River Ecology Laboratory (SREL)
*Brookhaven National Laboratory’s Environmental Sciences Department.
* Core research mission of X26A remains in Earth and Environmental Sciences
sspeciation, transport, and reactions of chemical species in the Earth.
«X-ray microprobe techniques offer distinct advantages over other analytical
techniques by allowing analyses to be done in-situ, an important example being
the ability to determine chemical speciation of a wide variety of toxic elements in
moist soils and biological specimens with little or no chemical pretreatment and
low detection limits
* microXAFS allows one to quantify oxidation state ratios in heterogeneous earth
materials and individual mineral grains. Understanding of toxicity, mobility, and
containment of contaminating metals in the environment, mechanisms of trace
element partitioning, and paths of strategic metal enrichment in nature.



Why a Synchrotron Based X-ray
VIIcCroprobe?

Synchrotron radiationallows the spatial resolution to'be reduced
down to the micrometer level.

s Synchretron radiation isi several orders more intense thamn x=rays, from tube
SOUIrces.

s Synchrotron beamiis well-collimated, so that the intensity remains;high
at' considerable distances fliom the source. This means that simple apertures and
focusing mirrorsican be used to produce small, intense beams.

s Synchrotren radiation isthighly inearly’ poelarized which allows background frem
scattered! radiation| tor be minimized by the geemetry ofi the experiment.

SXRE isicomplementary to other microanalysis technigques
s electron microprobe (EMP) analysis
particle induced x-ray. emission (PIXE)
laser ablation inductively coupled plasma mass spectiometry (LA-ICP-MS)
secondary ion mass spectrometry (SIMS).

SXRE is non-destructive, trace/levellanalyses of a wide range of elements with
high spatiall resolution, low: power deposition ( X-rays deposit between 10> and
107 times less energy. than charged particles).
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Kirkpatrick-Baez focusing mirrors

The table-top Kirkpatrick-Baez mirrors use a four-
point bender and a flat, trapezoidal mirror to
dynamically form an ellipsis. They can focus a
300x300 pmmonochromatic beam to 10 pm a flux
density gain of 105.

With a typical working distance of 100mm, and an
energy-independent focal distance and spot size,
they are ideal for micro-XRF and micro-EXAFS.

We routinely use Rh-coated silicon (horizontal) and

fused-silica (vertical) mirrors to produce 4x4 pm
beams for XRF, XANES, and EXAFS.
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Several types of x-ray detectors are in uUse:

A Canberra SL30165 Si(Li) detector (resolution abeut 150 eV at Mn
Ka).
A MicroSpec WIDX-3 curved-crystal, wavelength dispersive

spectremeter (WDS) with 4 analyzer crystals; for highrenergy.
resolution detection in the 3 to 17 keV range.

A Canberra 790-7S 9-element LEGe hard x-=ray advanced array
detector. The system employs digital signal precessing using XIA's
DXP digital spectrometers.

Bruker SMART 1500 CCD) diffractometer, optimized for collection of:

data out te highi 2 theta angles and en very weakly: diffracting
samples.

Custom made mini ien-chambers and pin diode detectors for
transmission x-ray: detection.
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Detection Limits

Analysis restricted to the energy interval 3-30 keV/.

The sensitivity is poor at low energy. because ofi absorption by the
Be windows: andl air paths, and lew photeienization cross sections.

At highrenergy, the production of synchrotron radiation decreases, by
about 1 erder off magnitude for every 10 keV. K lines frem elements
withratomic number between Stand Cs are efiiciently detected
whereas heavier elements require detection of L lines.

Detection limits for L lines ane somewhat higher than those for K
lines ofi the same energy because the fluorescence yields are
smaller.

Detection limits: (ppm))are typically: 0.1 tor 10 ppni dependent on the
element and the matrix analyzed (<1 1g).



Applications



Human Health Risks From Methyl Mercury In Fish

National Academy of Sciences
expernt panell reviewed the human
health risks; from methyl mercury.
I fish.

Specifically, they reviewed
epidemiological studies on
children  prenatally. expesed to
methyl mercunyiin seafeod.

One study is/ lecated in the Faeroe
Islands in the North Atlantic on a
population where exposure to
methyl MErcury. IS fliom
consumption of'Whale meat.

A second study is located in the
Seychelles Islands in the Indian
Ocean where methyl mercury
COMES from consumption of ocean
fishi.
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Measured and Predicted Mercury Levels in Hair
Following Shark Consumption
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lirace ElementiUptake in Plants
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Distribution in roots and stems showing effect of EDTA
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Dendroanalysis
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GSECARS 13-ID at the APS




e Mirrer-19ased X=ray.

e Beam| Flux @
o Managing Agent(s) Source Size 10 keV
(um) (ph/s)

Univ. of Chicago Bending
NSLS Univ. of Georgia Magnet 10 2 x10°
X26A Brookhaven Nat. (2.8 GeV)

Lab.

APS | GeoSoilEnviroCARS | Undulator | 4 x 10"
13-ID Univ. of Chicago (7 GeV)




Performance

X26A (NSLS) Sector 13 (APS)
MicroXRF 1 ppm 100 ppb
MicroXANES 10-100 ppm 1-10 ppm
MicroEXAFS 1000 ppm — 1% 100-1000 ppm
L JRrosceles 100-1000 ppm 1-100 ppm

Tomography



KB Mirror Predicted! Perfermance

NSLS X-ray APS (UA) NSLS-II
Source size (vertical) o (um) 27 15 4
Source size
(horizontal) A P Lk  §
Source-mirror distance| meters 9 55 30
Sampleert MIrOLs i efors 0.2 0.2 0.2
distance
Sample.-horlz. mirror L9/ 0.1 0.1 0.1
distance
Demag (vertical) 45 275 150
Demag (horizontal) 90 550 300
Deviation _from ideal 19 74 15.0
(vertical)*
DeV|at|o.n from ideal 10 11 15
(horizontal)*
Spot size (vertical) Fifg 1.7 0.9 0.9
(um)
Spot size (horizontal) gl 9.7 1.1 0.6
(um)

* assuming 1 microrad slope error mirrors (currently available)




Speciation Imaging using MICreXAES

2D andi 3D/ images of speciation microdistribution can be
produced! by collecting microXAES spectra at eachi pixel

InIpractice; these applications are limitedl by data intensiveness

A variant used Is to collect abridged specira at each pixel;
particularly usefulifor oxidation state mapping.

Cr(lll) in soil

Cr(VI) in soil




Uranium Oxidation State Imaging: Mineral Section
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FlUerescence Wicrotemograpny,

Images of the internall distribution ofi specific elements
Synchrotron XRE is very sensitive, sub-ppm
Valuable'when ebject cannot be sectioned at requireadl reselution
Absoerption must not be teo large
[First generation: (pencil beam))

s Requires NX translations and NR' rotations for each; slice.

a Slow'— but similar te conventionall 2-Drmap
APS Undulator Source

s Less than 1mm vertical by 3mm horizontal

x 1000 times more intense monechromatic beam than bending
magnet



Fluorescence Microtomography Apparatus
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Root As K MicroXANES

« Oxidation state tomograms show higher As3*/As®* ratios (more
reduced arsenic) in more mature roots and a slight tendency for
As3* to occur on the interior of the iron-rich plaque.

» Both oxidation states of As effectively sequestered.

* Mass balance calculations suggest this sequestration has
effectively reduced the As content in ground water ~100-fold.



| Distribution in Flyperaccumuiating Alyssum
Planis (D. Sparks et al. U. Delaware)




Eutlre Dikections

Increased data acquisition speed for fluerescence tomography.
Currently limited by array detector readout overhead
DSPs have bufferingl capability

General purpese microproke instrument
Permmanent installation| off various detectors
Heliumrenclosure for light element work
lLaser interierometer for positioning stability

Insertion device seurce operating over a broad enengy. range, esp.
down to~ 2 keV, for simultaneous woerk on' light and heavy: elements

APS undulator A limited on low end te ~ 3 keV/.
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