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Luleå laboratory

➢Part of ALS group (>300 laboratories 

worldwide) 

➢Focus areas: ultra-trace multi-elemental 

determinations and isotope ratio 

measurements

➢>130 000 samples annually 

➢Close co-operation with LTU resulting 

in 200 publications
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What are TCEs? 

Trace elements that are key components for the 

development of new technologies and thus undergoing a 

significant change in their cycle at the Earth’s surface due 

to their increase use in a variety of applications. Their 

impact on their biogeochemical cycles and potential 

biological and human health threats needs to be further 

explored. For most of these elements, the present 

understanding of their concentrations, transformation and 

transport in the different environmental compartments is 

scarce and/or contradictory. 
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What are TCEs? 
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Element Uses

Ru Electronics

Rh Catalytic convertors

Pd Catalytic convertors

Catalysts

What are TCEs used for? 

http://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwif0L382NTWAhWDJMAKHZuZB4oQjRwIBw&url=http://uk.rs-online.com/web/p/through-hole-fixed-resistors/0132494/&psig=AOvVaw2LIZhT9CvYh1RRn6kK0O3y&ust=1507128402436998
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Element Uses

Os Staining, organic synthesis

Ir Electronics

Pt Catalytic convertors

Pharmaceuticals

What are TCEs used for? 

http://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiZpKSV29TWAhVGIMAKHRPbArMQjRwIBw&url=http://www.pcworld.co.uk/gbuk/computing-accessories/components-and-upgrades/internal-data-storage/wd-mainstream-3-5-internal-hard-drive-1-tb-21651936-pdt.html&psig=AOvVaw28bfkpJTRhVP6EpnTHJUFT&ust=1507128974498888
https://en.wikipedia.org/wiki/File:OsStaining.jpg
https://en.wikipedia.org/wiki/File:OsStaining.jpg
https://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjqrdib4NTWAhWCB8AKHSmeB-wQjRwIBw&url=https://configurator.lamborghini.com/?lng=en&psig=AOvVaw3tizSkreFpMCzlqN_0Xyxw&ust=1507130297078174
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What are TCEs used for? 

Element Uses

Ce Lighter flints 

Catalytic convertors 

Pr Aircraft engine alloys 

Nd Magnets 

http://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj-0KXYrNbWAhVDEpoKHUVGBB8QjRwIBw&url=http://giper.info/free/magnet.it&psig=AOvVaw0YiLlj05Dj-PKrdKSOxciI&ust=1507185058842837
http://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjnl4-srdbWAhWmE5oKHZCJAF4QjRwIBw&url=http://www.survivalcampingstore.com/DisposableLighters-Star&psig=AOvVaw15RPfWHx12oQW1Wbfc9dyw&ust=1507185378557507
https://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwib7LPsrdbWAhUkApoKHT91D2AQjRwIBw&url=https://dir.indiamart.com/impcat/airplane-engine.html&psig=AOvVaw1Phf4y1ekk3Z8habOIdBXi&ust=1507185492603815
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What are TCEs used for? 

Element Uses

Ga Computer chips

Semi-conductors  

https://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi52vWAs9bWAhViD5oKHWgYCXkQjRwIBw&url=https://www.elprocus.com/semiconductor-devices-types-and-applications/&psig=AOvVaw30HGMTF23DZTXzwFxq4wD0&ust=1507186699947608
https://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwigjqPfsNbWAhXEa5oKHSx1AuoQjRwIBw&url=https://www.fastcompany.com/3046586/the-man-on-a-mission-to-turn-silicon-valley-into-gallium-valley&psig=AOvVaw2GrpOFqa71Iz19UpMH7Mps&ust=1507186282885448
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What are TCEs used for? 

https://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj86MCz6dbWAhVELZoKHcLqBbcQjRwIBw&url=https://www.archonia.com/comicshop/en/news/2014/2/09&psig=AOvVaw3b46VOlL7dKPiaXaKVgwK3&ust=1507201392264216
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What are TCEs used for? 

• Authentication of money
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Problems to be solved 

Understanding environmental processes including 

biogeochemical cycles of the TCEs

Assessment of exposure of humans to these elements and their 

compounds through air, water, and food, and potential ecological 

and human health threats (eco-toxicology)

Analytical challenges for quantitative and screening purposes
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Environmental analysis
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Determination of TCEs in environmental matrices

Ga, Ge, In, Nb, Ta, Te, Tl
Ir, Os, Pd, Pt, Rh

Ce, Dy, Er, Eu, Gd, Ho, La, Lu, Nd, Pr, Sm, Tb, Y, Yb

➢Quantitate recovery at preparation stages

➢Preventing losses during analysis

➢Optimization of instrumental conditions (low oxides)

➢Right resolution settings

➢Matrix separation if necessary

➢Analyte specific introduction (Os, Ge)
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Why Luleå?

October January April    
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Before MS

➢ Sample collection

➢ Homogenization – representative sub-sample, contamination

➢ Digestion – recovery from matrix, (co)precipitation and volatile losses, 

contamination

➢ Column separation – purification efficiency, yield, contamination

➢ Evaporation/re-dissolution – recovery, contamination
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➢ Cell ICP-QMS: 2-10 10
5

➢ ICP-SFMS, standard set-up: 2x10
6

➢ ICP-SFMS, X skimmer, methane: 6x10
6

➢ ICP-SFMS, X skimmer, Aridus: 2x10
7

➢ ICP-SFMS, Jet interface, APEX: 1.2x10
8

1.2x10
8

cps/ppb correspond to 120 cps/ppq

Sensitivity in LRM, cps per 1 µg l-1
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High efficiency nebulizers – Aridus II and Apex HF

➢ Intensity gain by efficient utilization of sample

solution

➢ ’Dry’ plasma – much lower O, H and OH interferences

➢ Great signal stability for low-matrix solutions

➢ Losses of volatile elements (Hg, Se, As, Os, B)

➢ Low matrix tolerance

➢ Long memory
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Spectral interferences on 103Rh

The majority of spectral interferences can be eliminated using high resolution 
capabilities of ICP-SFMS
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Ag

Pt/
Au

Sn

Si

Torch and interface may release
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Personnel issues

Spot the common denominator?

Stibnite 

Antimonite

Sb2S3
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➢ Faster and more convenient way

to handle relatively large sample

volumes (>5 ml)

➢ Contaminates sample with Pt

and Ir at ppt level, Pd and Au at 

ppq level because of Pt-Ir valve

spring

’Metall-free’ dispenser



RIGHT SOLUTIONS · RIGHT PARTNER

23

Au

0,0

0,2

0,4

0,6

0,8

1,0

1,2

Road Domestic Laboratory 1 Laboratory 2

C
o

n
c
e
n

tr
a
ti

o
n

, 
µ

g
 g

-1

Concentrations of ‘rare’ elements are enriched in 
laboratory dust



RIGHT SOLUTIONS · RIGHT PARTNER

24

Dedicated areas for ultra-trace preparations
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Applications dictate choice of tube materials
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➢ In tubing – min. length and strong rinse solutions

➢ In spray chamber – low-volume or DIN, matrix optimization 

(suppression of volatile species formation)

➢ On cones – use ’Si-trick’

➢ Inside MS – wait… 

Memory effects
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Clinical applications
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LOD Median LOD Median LOD Median

Ga 0.05 0.07 Ir 0.005 0.004 Ce 0.008 1.8

Ge 0.7 2 Os 0.006 0.009 La 0.003 1.1

In 0.08 0.1 Pd 0.02 0.06 Dy 0.006 0.03

Ta 0.004 0.006 Pt 0.002 0.2 Er 0.002 0.006

Te 0.04 0.08 Rh 0.005 0.01 Gd 0.007 13

Tl 0.005 0.3 Ru 0.03 0.03 Ho 0.003 0.004

TCEs in human brain, ng g-1 DW
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PGEs in body fluids

➢Digestion with concentrated HNO
3

in Ultraclave (2-5 ml)

➢Evaporation, dissolution in concentrated HCl

➢Column separation using pre-cleaned AG 50W-X8 resin

➢Quantitative (R>85%) recoveries of Au, Ag, Ir, Pd, Pt, Rh, Ru

(As, B, Li, Sb, Te)

➢Complete separation of Na, K, Mg, Ca, Fe, Rb, Zn, Cu, Sr, Ba, Pb

➢DF < 1

➢Aridus+ICP-SFMS (LR+HR)
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Separated fractions

LODs in the range 5-50 pg l
-1

20-200 times improvement compared to direct 

analysis after dilution
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SERO AS test samples - pooled body fluids from 
Norwegian donors (first lots from 1990th) 
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Urin 
(n=8)

Blood
(n=8)

Serum 
(n=6)

Min Max Min Max Min Max

Ir <0.005 0.03 <0.005 0.07 <0.005 0.03

Pd <0.1 2 <0.1 0.4 <0.1 0.3

Pt 0.3 5 0.3 3 0.1 0.5

Rh <0.05 0.5 <0.05 0.8 <0.05 0.1

Ru <0.05 0.2 <0.05 0.1 <0.05 0.1

Ranges of PGE in human pooled biological fluids, ng l-1

WHO: ’Background Pt levels in human blood are of the order of 0.1-2.8 µg l-1’ 
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➢ ICP-SFMS offers instrumental detection limits in low

ppq range

➢ Ultimate technique for multi-element TCE 

determination in variety of matrices

➢ High-resolution capabilities are indispencible for 

accurate determination of Ge, Ru, Pd, Rh, Ir and Pt

➢ Analysis at endogenous levels in clinical samples will

require pre-concentration and optimized introduction

systems  

Conclusions
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Thank you for your attention!
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➢ 3 ICP-OES

➢ 14 ICP-SFMS

➢ 3 AFS

➢ 1 ICP-QMS

➢ 2 MC-ICP-MS

Instrumentation
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➢ High ion transmission = high sensitivity

➢ Can be operated in high resolution mode(s)

➢ Flat-top peaks in low resolution

➢ Instrumental dark current <0.2 cps

➢ Flexible introduction system

➢ Relatively low matrix tolerance

➢ Large and heavy

➢ Expensive

➢ Requires experienced operators

ICP-SectorFieldMS = HighResolution-ICP-MS = 
Double Focusing ICP-MS
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• Al, Cl, Zr, Hf, Si

Aluminium Chlorohydrate, Aluminium 

Zirconium Tetrachlorohydrex Gly, 

Silica, Silica Dimethyl Silyate, Hf

Deodorants



RIGHT SOLUTIONS · RIGHT PARTNER

42

All labware in contact with samples is acid cleaned



RIGHT SOLUTIONS · RIGHT PARTNER

43

The UltraCLAVE Principle 

The patented* Milestone UltraCLAVE 

achieves extraordinary performance 

capabilities by combining direct 

microwave heating in a high pressure 

reactor, which acts simultaneously as 

microwave cavity and vessel. 

The next generation MW system

The Milestone UltraCLAVE
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