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|ICP-MS overview

CONS

* Relatively high capital cost (~2-3x
|ICP-OES)

e Require more operator experience
e TDS<0.2%

e Matrix interferences

* [sobaric interferences

* Relatively high running cost
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PROS

Routine trace element analysis (ppb and
below)

Fast multi element analysis
Wide range of elements (>75)
Analysis of a wide variety of samples

A wide variety of sample introduction
methods

High sensitivity

DL's of <1ppt for some elements in solution
Large linear dynamic range (9 orders)

Few spectral interferences

Simple spectra produced

Isotopic analysis capability



How sensitive is ICP-MS?
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ICP-MS vs ICP-OES spectra
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107 — Nickel
5 - 10 mg/L
2 - "
__ 107 —
g8 g B
e
€ 2 L
=
g 107 =
g 54
2 L
o 2 -
1079 — i
54 Ref: “inductively Coupled Plasma - Atomic Emission -
Winge, R.K_; Fassel, V.A_; Peterson, V.J.; Floyd, M.A.; -
24 Eisevier Science Publishing Company, New York, 1989
T T T T T T T T T L 1 - T 1
190 210 230 250 270
Wavelength (nm) 57 58 59 MB:SS (mi‘lz) 62 83 64



ICP-MS vs ICP-OES spectra
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Means for eliminating spectral interferences

Standard mode
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Challenges in seawater measurements

Dissolved Ion Concentration
mg/kg (ppm)

Chloride (CI") 19,345
Sodium (Na") 10,752
Sulfate (SO47) 2701
Magnesium (Mg~") 1295
Calcium (Ca™") 416
Potassium (KV) 390
Bicarbonate (HCO;”) 145
Bromide (Br) 66
Borate (BO;™) 27
Strontium (Sr~) 13
Fluoride (F) 1

* Very low concentrations of trace elements require judicious analytical separation
* High salinity of seawater hampers detection limits and accuracy of ICPMS measurements

2 USGS
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Determination of rare earth elements and other trace elements (Y, Mn, Co, Cr) in
seawater using Tm addition and Mg(OH); co-precipitation
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ARTICLE INFO ABSTRACT

Article history. This paperreports on a novel procedure for determining trace element abundances (REE and Y, Cr, Mn, Co)
Received 11 January 2011 in seawater by inductively coupled plasma sector field mass spectrometry (ICP-SFMS). The procedure uses
Received in revws.ed form 30 March 2011 a combination of pre-concentration using co-precipitation onto magnesium hydroxides and addition of
:ﬁ:&;‘: lu‘nl:\n‘:]S] ICI]:;ZOW 1 thulium spike. The validity of the method was assessed onto 25 ml volumes of certified reference materials

({MNASS- and CAS5-4) and in house seawater standard. Procedural blanks were determined by applying the
same procedure to aliquots of seawater previously depleted in trace elements by successive Mg{OH )z co-
precipitations, yielding estimated contributions to the studied samples better than 1.1% for all elements,
with the exception of Cr {<3.3%) and Co (up to 8%). The reproducibility of the method over the six month

Keywords:
Trace elements
Rare earth elements (REE)

Seawater duration of the study was smaller than 11% RSD for all the studied elements. Results obtained for NASS-5
Mg(0OH); co-precipitation and CAS5-4 agree well with published working values for trace elements.
ICP-M5 @ 2011 Elsevier B.V. All rights reserved.
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Determination of ultratrace levels of dissolved metals in seawater by reaction cell
inductively coupled plasma mass spectrometry after ammeonia induced
magnesium hydroxide coprecipitation

Francisco Ardini, Emanuele Magi, Marco Grotti*

Department of Chemistry and Industrial Chemistry, University of Genoa, Via Dodecaneso 31, 16146 Genoa, Italy

ARTICLE INFO ABSTRACT

Article history: A method for the determination of ultratrace amounts of Cr, Fe, Mn, Pb and Zn in seawater has been
Received 15 April 2011 developed. It combined the low-blank magnesium hydroxide coprecipitation procedure with quadrupole
Received in revised form 18 July 2011 inductively coupled plasma mass spectrometry and used the dynamic reaction cell technique to resolve
:f,:ﬁ};g iidﬁg;ﬁ:lgu“ 2011 the polyatomic interferences arising from the residual matrix, the solvent and plasma gases. Detection

limits (3erg, n= 10 for Cr, Fe. Mn, Pb and Zn were 0.02. 0.10, 0.01, 0.002 and 0.19 nM, respectively, using
50mL of seawater sample. The accuracy of the analytical procedure was verified by the analysis of the

ﬁ;:&rf;y coupled plasma mass seawater reference materials CASS-4, NASS-5. SAFe D2 and SAFe 5. The analytical precision ranged from
spectrometry % to 16% (n=6), with a sample throughput of about 6samplesh-'.

Polyatomic interferences @ 2011 Elsevier B.V. All rights reserved.
Matrix effects

Dynamic reaction cell

Trace elements

Seawater
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Can TEA improve Mg(OH), co

precipitation?
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Scavenging of elements from seawater via TEA and NH,OH: TEA is more effective on V, Co, Ni, Cu, Cd, Zn and Se
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Improved Mg(OH), coprecipitation
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ICP-MS in otolith microchemical analysis

What is an otolith?

* White, bone-like structures in the head of a fish providing sense of balance to
the fish in much the same way the inner ear provides balance in humans.

* Otoliths are composed of CaCO,-protein matrix deposited in layers that grow
as the fish grows. CaCO; is in aragonite crystal form.

Il b

Sweordfish Herring

Unlike bones and scales, aragonite structure remains unaltered after deposition
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Elemental composition of otoliths

agueous environment.

* Trace elements comprise 1% of an otolith and are
derived from water (96% CaCO;, 3% protein).

 Composition varies with salinity, temperature, water
chemistry, fish physiology and diet, and reflect the
chemistry of the aqueous environment in which the
fish resides.

Seawater
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Mg(OH), coprecipitation in simulated otolith solution

* 5,000 ppm Ca(ll) as nitrate

* 200 ppm Mg(ll) (added as
precipitant)

Simulated otolith
®

solution

* 10 ppb ME + 1ppb REE spike

ICP-MS

Recovery (%)
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Optimization of Mg(ll) for quantitative coprecipitation
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* Otoliths contains marginal levels of Mg, approximately 20 to 30 pg/g (or 1 to 4 pg/mL in solution).

* Mg(OH), coprecipitation requires at least 150 ug/mL Mg(ll) present in solution for quantitative
scavenging of most trace elements.

* REEs are quantitively precipitated at lower Mg(ll) levels - approximately 50 pug/mL Mg(ll).
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Summary / Conclusion

* A new approach for separation of trace elements and rare earth elements from
calcium carbonate matrix of otoliths and other biominerals was developed.

* Mg(OH), coprecipitation demonstrated for seawater analysis appears to be
attractive and simple approach for complete elemental analysis of fish otoliths and
biomineral by ICP-MS.

* Ca matrix of solutions can be reduced to trace levels (from 5000 pg/mL to around
10 pg/mL) making solutions more suitable for ICP-MS analysis.

* Additional Mg is required for initiation of Mg(OH), precipitation. Optimum levels
vary between 50 and 150 pg/mL depending on type of analysis and elements of
interest.
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Summary / Conclusion

* Additional Mg levels lead to MgAr interferences on Zn determinations. These could
be resolved by HR-ICP-MS, DRC technique or separate analysis of dissolved otoliths
prior to Mg(OH), coprecipitation.

* Thisis a work in progress and validation of the approach will be completed with
relevant otolith reference materials and biominerals.
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