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Design requirements for new analytical 
mass spectrometer – March 1971

• Speed of analysis – 4 to 6 samples per hour
• Mass range – 6 to 238 m/z
• Detection limits for mono-isotopic elements - 0.1 

ppm
• Precision - 25% RSD
• Elemental & isotope ratio measurement
• Minimal operator control of excitation source
• Automatic scanning through mass range
• Print out of mass intensity values



Landmarks in development

• Alan Gray Applied Research Laboratories, 
(1974, 1975) 
– DC plasma
– 3000-6000K
– Sufficient to ionise elements <8.5eV
– Includes U, Th, Pb
– Requirement for uranium exploration



First DCP 1974



Landmarks in development

• Decision to replace DC plasma with 
Inductively Coupled Plasma

• Parallel developments in UK, USA and 
Canada

• First spectra obtained  by Alan Gray & 
Alan Date at Univ of Surrey in 1981

• First commercial instruments ordered in 
1983



US Patent 1978



Vertical ICP



The Angel Plasma!



Research Instrument



Prototype ICP-MS at 
BGS Grays Inn Road



The instrument





Torch box

Sampling cone & skimmer

‘Ions-eye view’ of the 
quadrupole



The bottom line



Features of ICP-MS

• Simple spectra
• Most elements ionised in Ar ICP
• Relatively uniform signal response
• Similar detection limits for all elements
• Analysis of solutions and solids (using 

laser ablation)





Isotopic applications - 1988

• Boron - geological
• Lithium - medical
• Iron - medical
• Zinc - medical
• Osmium - geological
• Lead - environmental
• Uranium - nuclear

• Natural variation in 
rocks & minerals

• Isotope tracer studies 
in medical 
applications

• Isotopic variation in 
fabricated materials

Precision of single isotope limited to 
~2% RSD

Precision on isotope ratio limited to 
~0.1% RSD 



Pb isotopes

 204Pb/206Pb 207Pb/206Pb 208Pb/206Pb 
Certified value 0.05904 0.9146 2.168 

Measured 0.05965 0.9179 2.159 
Bias +1.03% +0.36% -0.40% 

Experimental RSD 1.29% 0.35% 0.32% 
Counting stats RSD 1.10% 0.38% 0.31% 

 
From Gray, 1988



Result of high dissolved solids



Matrix effect on isotope ratio

4.3676000
4.2865000
4.2054000
4.1243000
4.0422000
4.0401500
4.0441000

10B/11BNa (ppm)

Data from Gregoire, 1987



Limitations to isotope ratio measurement by 
quadrupole ICP-MS

Mains frequency ‘noise’
+

Sample introduction ‘noise’
+

Interface ‘noise’
+

Gas flow ‘noise’
+

Sequential measurement of isotopes
=

>0.1% RSD 107Ag/109Ag



Multi-collector ICP-MS



Multi-collector array



Flat topped peaks

7Li

6Li



NIST 981 Pb isotopic standard

0.01216.9410.009212.167700.00870.9146911Thirlwall et 
al (2000)

0.04616.9410.03702.167400.02180.91461114Collerson
et al (2002)

RSD
(%)

±206/204RSD
(%)

±208/206RSD
(%)

±207/206n
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