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What is mass spectrometry?!
- Identification and quantification of molecules and elements!

SAMPLE 
INTRODUCTION 

SYSTEM!

SAMPLE 
IONIZATION 
(ION SOURCE)!

MASS 
ANALYZER  

(m/z)!
DETECTOR!

mass spectrum (intensity vs m/z)!
Intensity 

m/z m = ion mass!
z = ion charge!
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Inductively Coupled Plasma Mass Spectrometry 
(ICP MS)!

Plasma torch ion source!

Sample and 
carrier gas (Ar) 

flow!

Quartz tubes!

Argon flow!

RF induction coils!

The sample aerosol is 
dried, atomized and 
ionized!

Plasma!
T ≈ 10000 K!

Complete (almost): !
-  Desolvation !
-  Atomization !
-  Ionization !

High 
energy!!

Elemental analysis!
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AA / ICP / ICP-MS 

ICP / ICP-MS 

Radioactive 

Not Measurable 

Unstable Elements 

Measurable 
elements!

Ultra - trace! Trace!
1ppb 

(10-9 g/g) 
1ppt 

(10-12 g/g) 
1ppq 

(10-15 g/g) 
1ppm 

(10-6 g/g) 

majors… !
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Se
ns

it
ivi

ty
!

number of analyses (element/sample)!

lo
w
!

hi
gh
!

high!low  !

  GFAA !

ICP-OES! Flame AA !

   ICP-MS!

Flame AA!
ICP - Radial!

ICP - Axial!
Hydride AA/ICP!
GFAA!

ICP-MS!

Detection Limit Ranges (µg/L)!
100 ! 10 !  1 ! 0.1! 0.01! 0.001! 0.0001!
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ICP MS applications!

48% environmental!
Sea water, soils, 
solid waste!

1% food analysis!

1% forensic!
Gun shot residue, 
toxicology!

4% chemical!
R&D!

5% nuclear!
Fuel production 
measurement of 
radioisotopes!

2% geological!
Soils, rocks, 
sediments!

6% clinical!
Blood, hair, 
tissues, urine!

33% semiconductor!
Si wafers, photoresist, 
strippers!
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Why ICP MS @ LNGS?!

- The underground facility provides the necessary 
low radioactive background !

Detection of extremely weak events!

1400 m of rock (3600 mwe)!
Cosmic ray flux reduction: 10^6 
Neutron flux reduction: 10^4 !

- Selection of highly radio-pure materials!

K   Pb   Th   U   
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- ICP QMS (quadrupole mass analyzer) – Agilent 7500a!

Plasma ion 
source!

Spray 
chamber!

Sample 
introduction !

Interface ! Omega lenses!
Quadrupole (analyzer) !

Detector 
(EM) !

Turbo pump!Turbo pump!
To rotary 

pump! To rotary 
pump!

Two ICP mass spectrometers @ LNGS!

Ion 
source! Detector!

Quadrupole mass filter!
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-  High Resolution ICP MS (double focusing mass analyzer)  
Thermo Element2!

Double focusing mass analyzer!
(MSA + ESA)!

Sample  !

Spray 
chamber!

Plasma ion 
source!

Interface !

Detector 
(EM) !

MSA !

ESA !

Sample 
introduction  !
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Few examples…!

Cu, TeO2 and reagents  
-CUORE- !

MAINLY: low radioactivity measurements!

-  ≈200 samples/year (complex matrices)!
-  few hundreds samples/year (reagents and water) !

Printed Circuit Board (PCB)!
-GERDA-!



Durham, december 18-19 2012! Maria Laura di Vacri!

11 

10^(-15) g/g (ppq) in water samples!
10^(-11) g/g (ppt) in solid samples!

Metals and alloys!
-GERDA, XENON, DARK SIDE-!

Al-Mylar insulating foils!
-XENON, DARK SIDE-!

CHALLENGE: !
always better detection limits!
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Traceability of the geographical origin of italian 
saffron based on the mineral composition!

Perugia!

L’aquila!

Medio 
Campidano!

27 samples from three different italian regions:!

Crocus sativus! Dried stigmas of 
Crocus sativus!

University of 
L’Aquila!

BUT ALSO: !
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Multivariate data analysis  !

First rough 
discrimination !

For a publication !

Linear Discriminant Analysis (LDA) – program package PARVUS 2010 !

Sardegna ! Abruzzo !

Umbria !
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Center for Excellence 
on Aging (CeSi)!

Validation of a method for the 
quantitative multi-element 
profiling of brain tissues!

Neurodegenerative 
deseases!

Changes in brain levels of some elements, among them:!

Li, Al, Cr, Co!
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Ciavardelli et al, “Characterization of element profile 
changes induced by long-term dietary supplementation 
of zinc in the brain and cerebellum of 3xTg-AD mice by 
alternated cool and normal plasma ICP MS”, 
Metallomics, 2012!

Mouse brain 
and cerebellum!

Highly complex 
biological matrices!

Isobaric 
interferences and 
matrix effects!

Complementary use of ICP QMS and HR ICP MS!

Validation of a method for the trace element 
analysis of Li, Al, Cr, Co in brain tissue !
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