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Nebulizer selection is a critical but often overlooked aspect of ICP analyses. There are many different

nebulizers available for ICP-OES and ICP-MS, for this reason, choosing the optimal one can be confusing and ~ The Flow Blurring® technology efficiently utilizes the
wrong selection. To achieve peak performance from your ICP analysis, it is essential to choose the optimal  available gas pressure drop across the nebulizer outlet to
nebulizer based on your sample matrix, precision, sensitivity, reproducibility, and signal stability required. maximize both mixing between the nebulizing gas and the

liquid formulation and the production of surface area per unit
volume through its unique axisymmetric cross-flow nebulizer
tip geometry. In fact, this nebulization procedure achieves the
lowest ratio of number mean diameter to o/AP among
commercial nebulizers, where o is the surface tension of the
formulation and AP is the gas pressure drop. This indicates a
physical maximization of the turbulent mixing efficiency
between the two incoming fluid streams (gas and

formulation). This energy efficiency also results in lower gas
In this study, we compare the performance of Micromist® and MultiNeb® nebulizers for arsenic and  consumption for the same outlet size or a lower gas pressure

selenium speciation analysis based on the use of an online internal standard correction technique by LC-IS-ICP-  for a given gas flow rate. This is because the necessary
Q-MS and simultaneous quantification of selenoproteins and selenometabolites by (SUID)-ICP-QqQ-MS online  pebulization pressure can be substantially reduced. Another
coupled to 2D/SE-AF-LC, respectively. The optimized methodology was applied to human biological fluids, such  advantage of this efficiency is that the nebulizer outlet

as human serum and urine samples. openings, including the nebulizer discharge orifice and liquid

The results show that the new MultiNeb® multiple nebulizer presents higher precision, sensitivity, signal  capillary, can be larger than those of other commercial
stability and reproducibility in total metal determination using internal standard correction or isotopic dilution  nebulizers with the same gas and liquid sample flow rates.
analysis and arsenic and selenium speciation in human biological fluids by LC-IS-ICP-Q-MS and two dimensional ~ This fact has demonstrated superiority in m|n|m|zmg |
LC-SEC-AF-SUID-ICP-QqQ-MS, respectively. handling, cleaning, clogging, and stability issues.

Conventionally, the enriched standard required for isotopic dilution analysis or internal standard addition is
mixed with the samples or chromatographic flow after LC separation using a Y connection. Recently, the novel
MultiNeb® (Ingeniatrics Tecnologias S.L., Spain) has been developed which allows a high mixing efficiency
between two liquids, miscible or immiscible, since the mixing takes place under turbulent conditions of high
pressure at the tip of the nebulizer. In addition, for speciation analysis based on LC-ICP-MS analytical approach,
Ingeniatrics Tecnologias S.L. has released to allow quick, reliable and easy connection of your LC to your ICP, a
one piece-high pressure connector with some advantages, such as resists blockage, fast washout, minimize dead
volume and peak broadening.
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Results and discussion

The development of accurate and precise arsenic
speciation procedures, for biological and environmental
materials, 1s a current trend in analytical chemistry. In
this sense, the hyphenation of high-performance liquid
chromatography (HPLC) with inductively coupled plasma
mass spectrometry (ICP-MS) is a very versatile and
powerful tool for arsenic speciation analysis.

Precision values were evaluated using different
certified reference materials (CRMs) following the
procedures for sample preparation previously described.
The results obtained are shown Iin Table 3. In order to
validate the method performance in real samples, a spike
recovery test was performed using the mixed As species
standard solution. The recoveries of AsB, iAslll, MMA,
DMA and 1AsV obtained in all cases were in the range of
91-107 %. To evaluate the signal stability along the
analysis sequence, a monitoring standard solution
containing 5 pug g-! of arsenic was prepared. This solution
was analyzed once every five samples, in order to
evaluate the stability of the signal. The recoveries must
fall within the limits of 96-104 %. Additionally, the
stability of the retention time was studied. The stability of
retention time was achieved in the range of 0.1-2.0 %
(short term, n = 5) and 0.4-6.0 % (long term, n= 20) for all
the species AsB, IAslll, MMA, DMA and AsV.
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Table 3. Experimental and certified mean values for total arsenic and
arsenic species concentrations in the different human biological
fluids analyzed using online internal standard calibration. SD
obtained for 2 replicates using HPLC-ICP-MS and 5 replicates for
ICP-MS (In grey certified values, in green Experimental results).

Human Urine

Clinchek Urine Level | SRM2670 Level Il
Volunteers
Experiment Certified  Experimen Certified Experimental
al values value? tal values valueP values
17.0
Total As (ug L) 0.12 19.2+0.8 504+21 480+100 53.2+4.1
(13.6-20.3)
iAs"' (ug L) 0.88 ND 4.55 ND ND ND
iAsY (ug L) 0.42 3.22+0.26 (2.73-6.37) 436+18 443420 4.22+0.26
16.8
AsB (ug L) 0.29 11.8+0.38 16.3+0.41 15+3 38.1+2.6
(12.6-21.0)
2.5
MMA (ug L) 0.36 1.10+0.08 7.4+0.53 7+1.3 4.12+0.8
(1.5-3.5)
9.8
DMA (ug L) 0.21 5.02+0.22 43+2.1 49+3 11.3+1.1
(5-88-13.7)
S (S SIPEEEE 211 33.6 503 514 57.7

(ug L)

The proposed speciation method has been
validated using some CRM of human serum (BCR-637
and Clinchek Human Serum Level | and IlI). These
materials were additionally spiked with 25 pg kg-1 of
iInorganic selenium (sodium selenate) to evaluate the
recovery and precision of method. Interconversion
among selenium species was not observed under
detailed experimental condition.

For evaluate the signal stability along the sequence of
analysis, a monitoring standard solution (BCR-637) spiked
with 25 pg kg-1 of inorganic selenium (sodium selenate) was
prepared. This solution was analyzed once every five
samples, in order to evaluate the stability of the signal. The
recoveries must fall within the Ilimits of 97-106 %.
Additionally, the stability of the retention time was studied.
The stability of retention time was achieved in the range of
0.2-2.2% (short term, n=5) and 0.5-4.5% (long term, n=20)
for all selenium containing biomolecules.

_ Total Se  SUM eGPx Semetabolites ~ SeP SeAlb
Se species , Species . 4 . .
(M99 (ug kgt) (Mg kg™) (Mg kg™) (Mg kg™) (ng kg™)
—
LOD MultiNeb®-based 0.05 0.15 0.37 0.45 0.41
configuration
: —
LOD Micromist*based 0.11 0.22 0.61 0.68 0.66
configuration
. . Mean * Mean * Mean * Mean %
Sample or CRM Description SD SD Mean = SD Mean = SD SD SD
Human Certified 81+7 7943 1544 60+7  13+4
serum Values
MultiNeb® 80+3 79+2 1442 <LOD 61+3 1242
BCR-637 Micromist® 8316 804 16+4 <LOD 6315 13+4
Human R\fa‘?sgse*d 10511 9444 1414 69+3  9+4
cnsnecrrl:g( | MuliNeb®  103:3 1014 13+3 3.040.4 733 1042
Micromist®  101#5  99+4 1245 2.1+0.4 7245 11+4
Human MultiNeb® 87+2 87+5 11+4 4.2+1 57+4 18+3
Serum
Micromist® 85+6 87+6 1245 3.9+1 58+6 1645

volunteers

Table 4. Experimental and certified mean values for total selenium and
selenium species concentrations in the different certified reference
materials and human serum samples, as well as the SD obtained for 2
replicates using 2D/SEC-AF-LC-SUID-ICP-QqQ-MS and 3 replicates
for IDA-ICP-QqQ-MS using MultiNeb® and Micromist® nebulizers.
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Application Notes

Size Exclusion
Chromatography

In this study, 1t has been
demonstrated that the new MultiNeb®
multiple  nebulizer presents higher
precision, sensitivity, signal stability and
reproducibility In  comparison  with
Micromist® nebulizer. The implementation
of the multinebulizer for the on-line
Isotope dilution and internal standard
correction  provides a  significant
advantage, the high speed and pressure
conditions of the multinebulizer allows an
Intensive mixing of the liquid flows which
promotes the establishment of isotopic
equilibrium in on-line conditions.

On the other hand, the high-
pressure  connector  designed by
Ingeniatrics Tecnologias S.L. present
some advantages, such as resists
blockage, fast washout, minimize dead
volume and peak broadening, principally.
In addition, this connector Is simple to
use, to allow quick, reliable and easy
connection of your HPLC to your ICP
Instrument.
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