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Conventional Measurements: MC-ICP-MS
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Ar

Multiple collector inductively coupled plasma mass spectrometry



MC-ICP-MS Limitations
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MC-MICAP-MS
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Microwave Inductively 
Coupled Atmospheric 

Plasma

MICAP

Multiple collector microwave inductively coupled atmospheric plasma mass spectrometry

N2 Plasma

Retzmann, A., Menon, A. & Wieser, M. E. Introducing MC-MICAP-MS: using a N2-based 
plasma ion source for Sr isotope abundance ratio measurements. Journal of Analytical 
Atomic Spectrometry 40, 2803–2815 (2025).



MC-MICAP-MS: Ca Measurements
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𝛿44/40 Ca, 2SD

MC-ICP-MS
≤0.20 ‰

MC-MICAP-MS
≤0.10 ‰

Work of Anika Retzmann

Retzmann, A. & Wieser, M. E. Advancing Ca isotopic analysis: Direct measurement of 44Ca/40Ca isotopic 
composition by MC-MICAP-MS with nitrogen plasma. Analytica Chimica Acta 344865 (2025).

𝛿44/42 Ca, 2SD

14N3
+

𝛿a/bCa[‰] =
r

sample

a/b Ca

r
standard, avg

a/b Ca
− 1 1000



MC-MICAP-MS: Ca Next Steps
Ca analysis of biological samples
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𝛿44/42Ca, ICP 𝛿44/40Ca, MICAP

• Human toenail Ca composition
• Higher abundance isotope and 

larger mass difference
• Potential as early and non-

invasive bone turnover monitor

• Human blood, urine, and feces 
Ca composition

• Yet-to-be disentangled 
confounding factors



MC-ICP-MS vs MC-MICAP-MS
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MC-MICAP-MS: Zn Measurements
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Challenge: high first ionization energy

Ca
6.113 eV

Zn
9.394 eV

NO
9.264 eV

MICAP: lower plasma temperature



MC-MICAP-MS: Zn Measurements
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Factor of 3-5 intensity reduction 
compared to ICP source

𝛿66/64 Zn, 2SD

MC-ICP-MS
0.04 – 0.07 ‰

MC-MICAP-MS
0.09 ‰

High stability



MC-MICAP-MS: Zn Measurements
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No Mg impact on Zn isotope 
ratio determination

𝛿a/bZn[‰] =
r

sample

a/b Zn

r
standard, avg

a/b Zn
− 1 1000
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Summary

• Precision stable isotope mass spectrometry can provide insight into 
subtleties of biological and physical processes

• MC-MICAP-MS enhances opportunities for applications of Ca isotope 
abundance ratio analysis in medicine by enabling the observation of 
magnified fractionation effects

• MC-MICAP-MS is ideal for high-Mg Zn isotope abundance measurements 
and produces comparable quality Zn measurements of purified solutions 
to MC-ICP-MS

gabriella.gelinas@ucalgary.ca



Backup



Instrument Modification
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Commercially available ThermoFisher Neptune MS base

Commercially available 
RADOM MICAP ion source

Stock ICP ion source



Instrument Modification
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Full maintenance access Manual tuning capabilities



MICAP Operation
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Schwartz, A. J. et al.  JAAS. 31, 440–449 (2016).

1. Microwave directed down waveguide
2. Dielectric resonator couples with magnetic 

field of iris
1. Induces polarization currents in dielectric

3. Oscillating magnetic field around torch 
generates electric field

4. Argon gas sent through torch for plasma 
ignition

5. Send sparks through gas line to ignite plasma
1. Produce a cascade of free electrons and 

ions
6. Send nitrogen gas through source to sustain 

plasma
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