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TWO ILLUSTRATIVE CASE STUDIES: CADMIUM IN THE SCREAM AND IN CACAO BEANS

How does CdS yellow 
degrade in the Scream?

What is the cadmium path 
from the soil 

to the cacao beans?



TWO ILLUSTRATIVE CASE STUDIES: CADMIUM IN THE SCREAM AND IN CACAO BEANS

20 μm

Na2SO4/CdSO4

• 2D micro X-ray fluorescence maps
• Micro X-ray absorption spectra
• 2D multi-spectral mapping 

(same µXRF map acquired at n energies)

150µm

150µm

Cd

Blommaert, 2024Monico, 2020



TWO ILLUSTRATIVE CASE STUDIES: CADMIUM IN THE SCREAM AND IN CACAO BEANS

150µm



ID21: NANO X-RAY SPECTROSCOPY IN THE TENDER X-RAY DOMAIN

Cultural Heritage

•What are the 
masters’ secrets?

•Why and how do 
artworks degrade?

Environmental science

• Positive and 
negative impacts of 
materials in the 
environment

•Metal accumulation 
in plants

Manufactured materials

Health
• Interactions of manufactured 

materials (drugs, implants, 
tattoos, etc.) with living 
systems

•Metal homeostasis disruption 
in diseases

Earth and planetary sciences
• Chemical signature 

(element composition, 
trace elements, 
speciation) of 
geological processes

• Paleoclimate

• Efficiency and stability of 
manufactured materials

• Chemical reactions at 
boundaries in electrodes, 
catalysts and micro-
electronics

Identification and location 
of chemical markers in 

complex materials
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ID21 WELCOMES SCIENTIFIC MINORITIES!

% shifts at ID21 
vs total ESRF

• HC Hard Condensed Matter Science

• MA Applied Material Science

• CH Chemistry

• MX Structural Biology

• SC Soft Condensed Matter Science

• ES Earth Science

• LS Life Sciences

• MD Medicine

• EV Environment

• MI Methods and Instrumentation

• ME Engineering

• HG Cultural Heritage

Distribution of proposals per scientific field 

Number of shifts requested 2016-2022 (in %)



DIFFERENT SCIENTIFIC FIELDS BUT COMMON ANALYTICAL CHALLENGES

- Expert users, but also often first time users 
who aim at

- identifying and localizing various species
(major, minor and trace; 

crystallized and amorphous), 

- containing both low Z elements and metals

- in complex and heterogeneous 
(often biological) matrices, 

- with sub-micrometric resolution and 
sub-millimetric 2D field of view



METALS IN BIOLOGICAL SYSTEMS: TECHNICAL CHALLENGES DRIVING THE ID21 REFURBISHMENT

• Imaging of metals and nano-materials in biology is a balance of sensitivity, selectivity and spatial resolution.

• Disruption of the native chemical environment, during sample preparation and analysis, should be minimised. 

Hare et al., Chem Soc Rev, 2015

ID21

Down to 100nm
But preserving the field of 

view and sample corpus

More stable beam during 
XANES scans

Increased flux and 
improved XRF detection

Better combination 
of spectroscopy and 

mapping

Better management 
of radiation damage

Better data 
management

Increased energy range 
up to Zn K-edge



THE ID21 REFURBISHMENT

2016-2024

Part I: primary double mirrors and optics hutch, 2015-2018, coordinated by Murielle Salomé

Part II: new DCM and optics cabins, 2017-2023, coordinated by Bob Baker (for DCM) and Keith Martel (for ID21)

Part III: new nanoscope and experimental hutch, 2018-2024, coordinated by Hiram Castillo



shutdowns

USM

EVOLUTION OF ID21 INSTRUMENTS, 2016-2024

µFTIR
Storage ring tunnel wall

Optics hutch
Optics cabin

SXM-II

Control room

XANES Full-field 
end-station

2D scanning 
µXRD/µXRF 
end-station

Primary mirrors

PART I
PART II

EBS201820172016 20212019 2020 2022 2023

11/2018: 

Installation of 

the new DCM

29/01/20:

First EBS 

beam

10/2020:

First EBS users (remote, 

BLISS, Daiquiri)

09/2018: 

installation of 

the new 

primary mirrors



FIRST ID21 USERS POST EBS



FIRST USERS POST EBS (H. MOREIRA ET AL.), ENJOYING BLISS AND DAIQUIRI (SEPT 2020)!

Apatite inclusions hosted in 2.4–2.1-
billion-year-old igneous zircons from 
the Mineiro Belt, Brazil.

130µm



FIRST USERS POST EBS (H. MOREIRA ET AL.), ENJOYING BLISS AND DAIQUIRI (SEPT 2020)!

35 samples
158 inclusions
340 µXRF maps
1599 µXANES spectra

In remote and in 5 days



shutdowns

USM

EVOLUTION OF ID21 INSTRUMENTS, 2016-2024

µFTIR
Storage ring tunnel wall

Optics hutch
Optics cabin

SXM-II

Control room

XANES Full-field 
end-station

2D scanning 
µXRD/µXRF 
end-station

Primary mirrors

PART I
PART II

EBS201820172016 20212019 2020 2022 2023

11/01/2023: 

installation 

nano-SXM

11/2018: 

Installation of 

the new DCM

29/01/20:

First EBS 

beam

08/09/20:

First EBS users (remote, 

BLISS, Daiquiri)

09/2018: 

installation of 

the new 

primary mirrors

Nano-SXM



Main contributors:

ID21- Hiram Castillo, Murielle Salome, Gaetan Goulet, Marine Cotte,

David Bugnazet,

EXPD- Jean Susini, Harald Reichert, M. Krisch, G. Martinez-Criado,

Sample environment- Yves Watier, Romain Garlet;

ISDD- François Villar, Bertrand Pelissier, Delphine Baboulin, Daniel

Fiole, Olivier Hignette, Philipp Brumund, Robert Baker, Noel Levet,

Philippe Tardieu, Giovani Malandrino, Eve Di Vita, Raymond Barret,

Juan Reyes-Herrera, Manuel Sanchez del Rio, Cedric Cohen, Ricardo

Hino, Cyril Guilloud, Stuart Fisher;

TID- Pascal Renaud, Jean-Olivier Chamond, Julien Chalaye, Stephan

Arnaud, Aurelien Henriette, Laurent Besset, Yohan Guigal, Christoph

Lefevre, Bruno Perret, Cristina Gonzalez, Emmanuel Alcouffe;

ADMIN- Jean-Michel Georgoux;

DIR- Stephanie Ricot, Patrick Colomp, Julien Grasseler, Paul Berkvens.

And many other ESRF colleagues that provided their expertise during

our refurbishment campaign.

THE REFURBISHMENT PART III: IMPLEMENTATION OF A NEW NANOSCOPE



THE X-RAY NANOSCOPE IS NOW OPEN TO USERS!



Scanning X-ray nanoscope (new)

• Only focussed beam: expected beam size down to 
0.1(V)×0.1(H)µm²  (now 150×150nm² above 6keV)

• 2 KBs (one Ni, one Pt coating) giving high flux up to 10keV
• Two 5-element XRF detectors (to be delivered soon)

THE REFURBISHMENT PART III: IMPLEMENTATION OF A NEW NANOSCOPE (PC: H. CASTILLO-MICHEL)

X-rays

Scanning X-ray microscope (“old”)

• Unfocussed beam (100-300µm) 
or focussed beam (0.3(V)×0.7(H)µm²) 

• Ni coated KB => no access to Ni XANES
• 1 single element XRF detector

2-10.5keV
Micro/ Nano X-ray fluorescence

Micro/ Nano X-ray Absorption Spectroscopy
Multi-energy maps

Under vacuum; Cryo / Room temperature

Mechanical Design: F. Villar, D. Baboulin, B. Pelissier



Identification of elements by X-ray fluorescence (coloured)

Identification of species by X-ray absorption spectroscopy  (underlined)

H He
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ID21 ENERGY RANGE: 2.1-10.5KEV



Scanning X-ray nanoscope (new)

THE OLD MICROSCOPE AND THE NEW NANSCOPE

X-rays

Scanning X-ray microscope (“old”)

Samples: max 25mm diameter Samples: max 16mm hor, 6mm ver



With the new monochromator and the new nanoscopeWith the old Kohzu monochromator

NANO-XANES ON BIOLOGICAL SAMPLES IMPROVED THANKS TO EBS AND TO THE REFURBISHMENT

150µm

Cd concentration in the ppm level.

µXRF maps and µXANES only 
feasible thanks to EBS flux.

Tracking trace elements XANES on nanoparticles

From Kurwadkar et al.

1 µm



A RECENT APPLICATION OF THE NEW NANOSCOPE: Ag AND Cu SPECIATION IN LUSTERS

T. Pradell, 
Nanoscience and 
Cultural Heritage, 
2016

https://mimosa.esrf.fr/proposals/ma6420/samples/review?blSampleId=7431&subsamplelimit=4


TAKE HOME MESSAGE

ID21:

- Techniques: 2D XRF mapping, XAS (mainly XANES), hyperspectral mapping

- Under vacuum: very good detection of low Z elements

- Cryo-preservation available

- Beam size: 

- microscope from 0.3x0.7µm² to 0.3x0.3mm², 

- nanoscope down to <150nm²

- Energy range 2-11keV (K-edge from P to Zn; access to Ag, Cd, Sb… through L-lines)



Thanks to all users and colleagues 
involved in this research, 
in the maintenance and 

development of our instruments!
Thanks to the ID21 team

Marine Cotte Fabien Letort

Julien Couturier

Alex Suarez Orduz

Gaëtan Goulet

Murielle Salomé

Clément Holé

Hiram Castillo-Michel

Thank you for attending 
the webinar!

Join us for great experiments at ID21!

cotte@esrf.fr


