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-~ a powerful tool to understand the prperties of matter at small
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mining areas

Above and below ground water contamination

Rehabilitation of mined areas

Waste management

Contamination of surface and ground waters

Mineral reserves running low =
Need for more efficient fertilizers

Nutrient losses in the environment

Biofortification of staple crops

Improving nutrient bioavailability in staple foods







Weathering and soil formation processes

physical
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minerals biological

Parent Weathering

material agents
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Vithout Healthy Soil

i YOU May Have To ﬁ

~ e °
"~ Do Without:
cell phones, computers, homes to livein,
air to breathe, foéd to eat and much more.
Healthy soil heeds air, water, inerals,
organic matter,and living elements such
as insects, worms and microb'es?

&

SoilIs An

" Amazing

Substance.

A complex mix of minerals, air, and
water, soil also teems with countless
micro-organisms, and the decaying
remains of once-living things. Soil is
made of life and soil makes life.

To the farmer, soil is where crops grow.

To the engineer, soil is a foundation upon
which to build.

To the ecologist, soil supports communities
of living things.

To the archaeologist, soil holds clues to
past cultures.

To the city dweller, soil nurtures grass
and gardens.

To the soil scientist, soil is all of these things.

Soil has been called “the skin of the earth”
because it is the thin outermost layer of the
Earth’s crust.

Like our own skin, we can’t live without soil.
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complex1ty vs scales

. wfw re q.}_.'lre S a E et of analytl cal te chm que s




tm

r

d

12004/ keynofe / sparks

m

perso

0

/

es

au/au/asss

org

—
@
Mo
o p—{

g

-/ ] www.re

: http:

ource

S




In Situ X-ray Absorption Study of Surface
Complexes: Selenium Oxyanions on a-FeOOH

Kmm F. Haves, A. LAWRENCE ROE, GORDON E. BROWN, JR.,
KerrH O. HopGsoN, JaAMES O. LECKIE, GEORGE A. PARKS

A novel application of x-ray absorption spectroscopy has provided structural informa-
tion for ions sorbed at oxide-water interfaces. As an example, in situ extended x-ray
absorption fine structure (EXAFS) measurements of adsorbed selenate and selenite
ions at ah a-FeOOH (goethite)—water interface have been performed; these measure-

“That’s one small step
for man, one giant leap
for mankind.”

Neil Armstrong
1930 - 2012

ments show that sclenate forms a weakly bonded, outer-sphere complex and that = .

sclenite forms a strongly bonded, inner-sphere complex. The selenite ion is bonded
directly to the goethite surface in a bidentate fashion with two iron atoms 3.38 =
from the sclenium atom. Adsorbed selenate has no iron atom in the second =

coordination shell of selenium, which indicates retention of its hydration sphere upon
sorption. This method provides direct structural information for adsorbed species at
solid-liquid interfaces.

Hayes et al., 1987 - Science




- -Water 1nterface

e 'SCHEIDEGGER et al 1997 Eluc1dat10n of Layered Doubled Hydrox1de |

- :structure

- ‘,:';'FTAPPERO et al 2006 Eluc1dat1ng the mechamsms for metal accumulatlon 1n
- _"hyper-accumulatmg plants ’ ‘

i ’ GINDER—VOGEL et al 2009 Usmg Qulck-XAFS for spectroscoplc and
_';-;klnetlc determlnatlon of Cr ox1dat10n at the m1neral / water 1nterface |

- CHEN et al 2014 Studymg 8011 carbon complexatlon via Cls XANES and
- Synchrotron Transmlssmn X ray Mlcroscopy




- # X-ray absorption spectrosc
. * X-ray fluorescence spectroscopy |

| * Xeray y-computed tomography




~50-100 eV ~ 600 — 1,000 eV

XANES ~ EXAFS
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Electronic transitions

- Diagnostic features

Electromc trans1t10ns glve rise to the dlagnostlc features seen in the
XANES spectrum e -

Lmear Cembmatlon ana1y51s matchmg between standards and samples

: Vlsual mspectmnofsPectralfeatures,prmc1pa1 e_'om'poﬁentanalysis (PCA), et_e; - :'. -




Ca1c1um Phosphates

apatlte group - (non—apatlte group) II‘OHPhOSPhateS A]ummumphosphates

Q

Apatite (poorly crystalline) Phosphosiderite
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GET THE 6 MONTH GUARANTEE.

I'ma soil sample looking for a calcium phosphate

There's a whole new world

Near ZIP/Postal code

e
A

i




L

i i
- m..mi.o..ﬁ.

b A\ (0
R

el

Y

VAR

~ = ]am/ ~

O

e firzsa =
o o P8 & R =
e L el ot
o S
O e oy Yo = =
pr DA RS o sl e e
g ol ! gurMS N i
SO D e B sl eTem ol . e
vl 8o BRSO A
W.ﬂm = aaakp O
D B>y o C..LC% s
01 e 1 D B e VJ
i o e c
e (i &
L Y dy el g
him O < & x5 £
o g @D P © O @ m
S e =l s
Sl s P Em e e =
a.m.._m.ub.A Q. m
8 R E . -
IE% S
er °
g e
i .
sl V
m ———

Sl
...fﬁ,.M@ wﬁ,a__, .

M




ot XAN ES spectra of potassmm £
| phesphate and Var10us orgamc P' £
Tripolyphosphate pentasodium 2-aminoethylphosphonic acid 3-.__: ‘ Sp@CleS 2 3 =

Phytic acid r,f“ CESSe A *.I:'
Phenylphosphonic acid s Elsev1er)

.,,,,..m, Users are adv1sed to buﬂd the1r
Phosphatidylethanolamine o = g
n own 11brary of reference spectra -

e~ \’\ Remember 1t is Very 111<e1y that you
N R ctarowine | | get your ]ob done Wrthout a &
b’\ ' good hbrary of reference spectra
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1“:}.'*:- iowmg the compos1t10n of the mater1als contamed .

- W your sample helpS (I mean a lOt'”)

Whlch mtermedlates do yOu expect to fmd along the .

reactlon?

| ‘» lIl Other WCI‘dS glve an educated guessf = = =
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Phosphorus L, ;-edge XANES: overview of
reference compounds

Jens Kruse,®* Peter Leinweber,? Kai-Uwe Eckhardt,® Frauke Godlinski,?
Yongfeng Hu® and Lucia Zuin®

Phosphorus K-edge XANES spectroscopy of mineral
standards

Ellery D. Ingall,®* Jay A. Brandes,” Julia M. Diaz,® Martin D. de Jonge,°
David Paterson,® lan McNulty,® W. Crawford Elliott® and Paul Northrup'’

Nitrogen K-edge XANES - An overview of reference
compounds used to identify 'unknown' organic
nitrogen in environmental samples

Article /7 Journal of Synchrotron Radiation 14(Pt 6):500-11 - November 2007 See all» See all»
DOI: 10.1107/S0909049507042513 - Source: PubMed 91 Citations 112 Reads




 Assessinglanduseand
fanagement effects Wlth XANES -
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She]l by-shell ﬁttmg Usmg Fe K-edge EXAFS to dlfferentlate
among Fe-(hydr)ox1de mmerals

The dashed vertical lines at 1.5, 2.65 and
'3.05 A indicate the approximate positions
of peaks arising from the backscattering
contributions of first shell O, second shell
edge-sharing Fe and second shell corner-

Goethite = sharing Fe, respectively.
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Based on some characteristics of a well
known standard, such as peak position and
shape, one can determine what mineral
species are found within a given sample

Fourier-'trahsfornied Fe K-edge EXAFS spectra

of reference minerals and rhizosphere soil. , ' = . 5
: 3 it . Source: Voegelin et al. (2007) — Geochimica et Cosmochimica Acta




S - Elemental maps showing the elemental
.- — . ° ° ° ° ° °
" distribution within a plant tissue
Radical
Cotyledon -
Endosperm —
lesta
Fe
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Compton
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Grayscale synchrotron-based X-ray microfluorescence Tricolor image of K, Fe, and Mn with color
(pSXRF) images in negative contrast showing the distribution triangle and bicolor image of K and Ca in the
of S, Ca, K, Mn, Fe, and Zn in a Noccaea seed (20 pm thick Noccaea seed.

tissue cryosection) along with an optical camera image and the

Source: Sarret et al., 2013 — Advances in Agronomy

image of the Compton scatter




B—J: p-X-ray fluorescence maps of Se (in red) and
A: Se K-edge XANES spectra from

£ other elements in two hyperaccumulator plant
different

species and their Se-resistant ecological partners.

( A) N\ S. pinnata A. bisulcatus
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SeMet: Selenomethionine;
MeSeCys: methyl-selenocysteine;

SeGSH2: Selenodiglutathione

Source: Sarret et al., 2013 — Advances in Agronomy




Metal localization and elemental p-SXRF: localization and determination of the local

associations in accumulator atomic environment of Co in hyperaccumulating
plants is crucial to understanding Alisoum murale

D) coom [ /\ /)
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the mechanisms of
hyperaccumulation and tolerance
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Hyperaccumulating Alivssum murale accamulates up to 3% of Co

Root cross-secton

Source: Lombi et al.,, 2011 — EXEB Source: Tappero et al., 2007 — New Phytologist




* the basic tool-&it" of soil and environmental |
sc1entlsts - =

' X—my Absorptwn Spectroscopy

X-my F luorescence Spectrascopy
W X—myDlm thn -

beam Slze at Sample p081t10n 80 nm e

} access to the K—edges of Al S1 P S K Ca and some trans1t10n metals up te Se |
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Dalton Abdala’'s webpage

WELCOME

Thecno-Scientihic Meeting on Synchrotron Applications to Geosaences

Mar ,

249th American Chemical
Society meeting, Denver

CO, USA

SAGes: |

Rhizosphere4, Maastricht,

/ | the Netherlands

| Jul

http://daltonabdala.wix.com/dalton-abdala

Brazilian Soil Science
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Long-term effects of
manure application on
agricultural soils

Posted Sep 20, 2014

Coupling chemical
kinetics to X-rays
spectroscopy at low
energies ~ 2 - 5 keV

Posted Sep 20, 2014
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