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An overview of ICPAn overview of ICP--MS MS 
and its Applications in and its Applications in 
The State LaboratoryThe State Laboratory

Dr. John FieldsDr. John Fields

What can ICPWhat can ICP--MS measure?MS measure?

Ø Multi ElementMulti Element

ØØLow sensitivity Low sensitivity -- pptppt

ØØLarge working rangeLarge working range

How does ICPHow does ICP--MS work?MS work? Sample IntroductionSample Introduction
ØØNebuliserNebuliser -- concentricconcentric

-- cross flowcross flow

-- babingtonbabington

ØØSpray Chamber  Spray Chamber  -- scottscott

-- cycloniccyclonic
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Inductively Coupled PlasmaInductively Coupled Plasma
Argon / RF CoilArgon / RF Coil

6000 6000 ooCC

Liquid Liquid àà SoildSoildàà Gas Gas àà IonsIons

Sampling Interface Sampling Interface -- ConesCones

ØØ High Temp High Temp àà Room TempRoom Temp

ØØ Pressure Pressure àà VaccumVaccum

ØØ From 2 From 2 àà 3 Cones3 Cones
ØØ Sampler ConeSampler Cone
ØØ Skimmer ConeSkimmer Cone
ØØ Hyper Skimmer ConeHyper Skimmer Cone
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Separating Ions Separating Ions -- QIDQID Spectroscopic Interferences Spectroscopic Interferences 
–– Cell TechnologyCell Technology

3535ClCl1616OO11HH5252CrCr
4040ArAr1212CC5252CrCr

4040ArAr1616OO11HH5757FeFe
156156GdGd++++7878SeSe

186186WW1616OO202202HgHg

114114SnSn114114CdCd

4040ArAr4040ArAr8080SeSe

4040ArAr3535ClCl7575AsAs

Interfering Interfering 
SpeciesSpecies

InterferredInterferred
AnalyteAnalyte ØØ Reaction Cell (DRC)Reaction Cell (DRC)

ØØ Reactive gas Reactive gas (Oxygen, Methane etc)(Oxygen, Methane etc)

ØØ New species New species 7575AsAs1616O O m/zm/z = 91= 91

ØØ Collision Cell (DRC)Collision Cell (DRC)
ØØ Inert gasInert gas
ØØ Reduce Kinetic EnergyReduce Kinetic Energy

SeperatingSeperating Ions Ions ––
Mass SpectrometerMass Spectrometer Detecting IonsDetecting Ions

Applications of ICPApplications of ICP--MS inMS in
The State LaboratoryThe State Laboratory

Animal Animal FeedingstuffsFeedingstuffs SectionSection
ØØ Principal Irish laboratory monitoring compliance of Animal  Principal Irish laboratory monitoring compliance of Animal  

FeedingstuffsFeedingstuffs with EU and national legislationwith EU and national legislation

ØØ Emphasis on food safety & animal welfare Emphasis on food safety & animal welfare –– proximatesproximates, , 
medicines, trace & heavy elementsmedicines, trace & heavy elements

ØØ Fulfil role as EU NRL for Heavy Metals in Feed Additives Fulfil role as EU NRL for Heavy Metals in Feed Additives 
Animal FeedAnimal Feed

ØØ >70% of The State Laboratory>70% of The State Laboratory’’s accredited testss accredited tests

ØØ Regulatory analysis of Fertilisers and Regulatory analysis of Fertilisers and LimestonesLimestones
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RegulationsRegulations

ØØ Trace Elements Trace Elements –– Cu, Co , Cu, Co , MnMn, Mg, Zn, P, Na, Ca, I, Mg, Zn, P, Na, Ca, I
CommComm RegReg (EU) 152/2009 (EU) 152/2009 –– AAAA
I.S. EN 15621:2012 I.S. EN 15621:2012 –– ICPAESICPAES
I.S. EN 15111:2007 I.S. EN 15111:2007 –– Iodine by ICPMSIodine by ICPMS

ØØ Heavy Elements Heavy Elements –– As, As, CdCd, Co, , Co, PbPb, Se, Hg, Se, Hg
EN 15550:2007 EN 15550:2007 –– GFAASGFAAS
JOAC, JOAC, VolVol 65 (3) 1982 65 (3) 1982 -- HGAASHGAAS

ØØ Fertilisers & Limestone Fertilisers & Limestone –– P, K, S, Na, Ca, MgP, K, S, Na, Ca, Mg
I.S. EN 15691:2011I.S. EN 15691:2011

Sample Preparation & DigestionSample Preparation & Digestion

MultiMulti--Element Analysis by ICPElement Analysis by ICP--MSMS

NexIONNexION 350x350x

P, Ca, Co, Mo, P, Ca, Co, Mo, PbPb, , TlTl, U, U
Na, Mg, Fe, Na, Mg, Fe, MnMn, Cu, Zn (KED), Cu, Zn (KED)
As, Cd, Hg, Se (DRC)As, Cd, Hg, Se (DRC)

ElanElan DRCeDRCe

ØØAs, As, CdCd, Co, , Co, PbPb, Se (DRC), Se (DRC)
ØØHg (Au)Hg (Au)
ØØII

Quantitative AnalysisQuantitative Analysis
Calibration CurveCalibration Curve

9 orders of magnitude (ppb 9 orders of magnitude (ppb -- %)%)

Quantitative AnalysisQuantitative Analysis
Internal Standards (Internal Standards (In, In, IrIr, , GeGe, Sc, , Sc, GaGa, , RhRh, Bi etc) , Bi etc) 

Monitor cps throughout the run to observe Monitor cps throughout the run to observe 

the effect of the sample on the plasmathe effect of the sample on the plasma

Isotope Ratio          ICIsotope Ratio          IC--ICPICP--MSMS

Hg

W



4

NanoparticlesNanoparticles

LycurgusLycurgus Cup 400ADCup 400AD
© The British Museum

NanomaterialsNanomaterials used todayused today

Definition of a Definition of a NanoparticleNanoparticle::

<100nm<100nm

Characterising Characterising NanoparticlesNanoparticles
Rapid simultaneous characterisation of the Rapid simultaneous characterisation of the nanoparticlesnanoparticles elemental elemental 

composition, the number of particles, their size and size districomposition, the number of particles, their size and size distributionbution

Inorganic particles Inorganic particles –– spsp--ICPICP--MSMS

ICPICP--MS v spMS v sp--ICPICP--MSMS

Dissolved Dissolved analyteanalyte 60nm silver 60nm silver nanoparticlesnanoparticles

spsp--ICPICP--MS DetectorMS Detector CapabilityCapability

spsp--ICPICP--MS DetectorMS Detector CapabilityCapability spsp--ICPICP--MS DetectorMS Detector CapabilityCapability
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spsp--ICPICP--MSMS
NanoNano--app by app by PerkinPerkin ElmerElmer

Questions?Questions?

ThanksThanks
All the staff in the All the staff in the 

Animal Animal FeedingstuffsFeedingstuffs Section Section 
at The State Laboratoryat The State Laboratory


