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Sample introduction can be performed by nebulization of LC outflow, capillary
electrokinetic chromatography (CEC), or CE, capillary zone electrophoresis (CZE). In
addition, several modes of chromatographic separations can be used for species
discrimination at preparative, capillary or nano scale, such as size exclusion
chromatography (SEC), reverse phase (RP), ion exchange chromatography (IEC),
hydrophilic interaction liquid chromatography (HILIC) and affinity chromatography (AF).

In summary, HPLC separation, followed by ICP-MS detection is well established as the
speciation analytical method of choice for many sample types and routine analysis
laboratories. The instrumental configuration required for speciation analysis based on the
use of LC-ICP-MS is made up of three clearly differentiated components:
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1. LC-ICP-MS: Speciation Analysis

The term “speciation analysis"” is defined as the analytical activities of identifying and/or
quantifying one or more individual chemical species in a sample. Since the growing
awareness of the strong dependence of the toxicity of heavy metals upon their chemical
forms has led to an increasing interest in the qualitative and quantitative determination of
specific metal species, among which include arsenic (As), selenium (Se), mercury (Hg) and
chromium (Cr). Speciation has therefore become an important topic of present-day
analytical methodologies in routine analysis laboratories.

It is well known that the toxicity of elements depends upon their physicochemical forms. It
has been well established that some metals and that metalloids (e.g., B, Si, Se) are essential
for living organisms and that they are necessary components of some proteins and some
metabolites playing important physiological functions. Their excess, as well as deficiency,
may have serious consequences for living organisms. The species or chemical form, or
oxidation state, of elements determines their mobility, bioavailability and toxicity. Since
these properties vary greatly depending on the species in which an element is present,
precise determination in environmental, clinical, food and agricultural samples and in
consumer products is often essential to classify them.

Different techniques allow the separation and detection of element species. The coupling of
liquid chromatography or ion chromatography for the separation of species and inductively
coupled plasma mass spectrometry (ICP-MS) for detection is well established as a powerful
technique. Thanks to its detection strength, ICP-MS enables the reliable determination of
ultra traces of potentially harmful element species in a wide range of applications. Generally,
speciation analysis plays a unique role in:

In this sense, the discrimination between specie is achieved with a separation device
such as high-performance liquid chromatography (HPLC), capillary electrophoresis (CE)
or gas chromatography (GC) which is coupled to a sensitive inductively coupled mass
spectrometry (ICP-MS) to detect the metal present in the species moiety. The use of
ICP-MS coupling to liquid chromatography (LC) is critical in speciation analysis since it
allows: (i) multiisotopic metal analysis (including non-metals such as S, P, Se), (ii) high
sensitivity, (iii) tolerance to matrix and, (iv) large linearity range. Several analyzers can be
used in ICP-MS detection such as simple quadrupole (Q), triple quadrupole (QqQ), time
of flight (TOF), sector field (SF) or multicollector (MC).

www.ingeniatrics.com | 2
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2. Solutions for your needs

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-MS, a specific one-piece connector for OneNeb® or MassNeb®, (one
liquid inlet) with a 50 mm PEEK capillary to connect the exit of the chromatographic
column directly to nebulizer (for high and low pressure, red and green PEEK capillary,
respectively) (Figure 1A). In addition, in case of MultiNeb® nebulizer (two liquid
inlets), the one-piece connectors designed for speciation analysis contains a 50 mm
PEEK capillary to connect the exit of the chromatographic column directly to
nebulizer and a second 50 mm PFA tubing (0.5 mm i.d.) (Figure 1B).

In speciation analysis based on the use of LC-ICP-MS, signal stability and plasma
drift, also perturbations in the pressure LC pump, nebulization pressure alterations,
nebulizer blockage, progressive clogging of the ICP-MS interface from total dissolved
solids (TDS) contained in samples and mobile phase, changes in mobile phase
composition causing perturbations on plasma signal response, especially when
changing its composition during gradient elution and as result alterations on
nebulization process efficiency and/or perturbations on the plasma ionization power
related with modification in matrix composition and therefore in its chemical-
physical properties (density, viscosity, solubility, and others), etc.

As a solution for your needs for your LC-ICP-MS approach, these Speciation Analysis
High Pressure Connectors have been demonstrated in the following Application
Notes, some advantages, such as resists blockage, fast washout, minimize dead
volume and peak broadening (higher sensitivity and chromatographic resolution),
principally in comparison with the conventional LC-ICP-MS connection kit employing
for this purpose.

/ A\. speciation Analysis Connector for LC-ICP using OneNeb® A Figure 1. A)

MassNeb® Nebulizers (One Liquid Inlet). Speciation Analysis
Connector for HPLC-
ICP using OneNeb® or
MassNeb® Nebulizers
(One Liquid Inlet)

= — B) Speciation
Part Number. CN2530075 Part Number. CN2530075 Analysis Connector
for LC-ICP using
MultiNeb® Nebulizer
One-Piece High Pressure Liquid Connector for Speciation Analysis by LC-ICP (One (Two Liquid Inlets).
Liquid Inlet). Chromatographic Pressure >50 bar

/ B. speciation Analysis Connector for LC-ICP using MultiNeb® \ PEEK Tubing, Red,

Nebulizer (Two Liquid Inlets). 0.005" (0.13 mm) ID x
1/16" OD - length 500

mm

PEEK Tubing, Green,

0.03" (0.75 mm) ID x

/ 1/16" OD - length 500
~ mm
Part Number: CN2030005 Part Number. CN2030075 PFA Tubing, 0.02" (0.50

mm) ID x 1/16" OD —
length 500 mm

One-Piece High Pressure Liquid Connector for Speciation Analysis by LC-ICP (Two
\ Liquid Inlets). Chromatographic Pressure >50 bar /
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3. Analysis Nebulizer Selection for LC-ICP

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 wrong selection. To achieve peak performance
from your ICP analysis, it is essential to choose the optimal nebulizer based on your
sample matrix and precision and limits sensibility required. In addition to any necessary
accessories and analytical strategies to maintain long-term performance, such as
humidifiers, ultrafiltration, hydride generation, etc.

In the last decade, nebulizer selection is challenging because there are many different
types available. By far, concentric nebulizers are the most common type found on
instruments today, as they generally provide the best performance. Even within the
narrower category of concentric nebulizers, there is quite a range of designs.
Ingeniatrics Tecnologias S.L. offers three models of nebulizers design of any
manufacturer, with each model ideally suited to a variety of applications. Flow chart
shown in Figure 2 was meant as a resource to help your laboratory select the best inert
nebulizer to meet the performance requirement for speciation analysis by LC-ICP-MS.

Flow Chart for Nebulizer Selection using LC-ICP for
Speciation Analysis

LC-ICP-OES (LOD>ppb).

. LC-ICP-OES Online Dilutions
Optical Emission (Y connector).
Spectrometer One Liquid . Introduction of organic o
Inlet solvents (oxygen supply
(ICP-OES) required).
. Online Internal Standard

Calibration (IS) (Y connector).

N =

w

IS

Lower enhanced
sensitivity,
reproducibility,
and precision.
1. LC-ICP-OES/MS Online Dilutions.
2. Introduction of organic solvents
(oxygen or water can be introduce
by second channel to minimize Q\
carbon generation). )

Speciation Analysis

Two Liquid

LC-ICP 3. Online Internal Standard N
Inlets Calibration (IS). \’> N
4. Isotopic Dilution Analysis using %(\
ICP-MS (IDA). 4 %

5. Chemical vapor or hydride
generation in regular spray
chambers.

1. LC-ICP-MS (LOD<ppb).
o 2. LC-ICP-MS Online Dilutions (Y
Mass Spectrometer One Liquid connector). o
(ICP-Ms) Il 3. Introduction of organic e v
solvents (Y connector). /“ %
4. Online Internal Standard ‘

Calibration (IS) (Y connector).
5. Isotopic Dilution Analysis
(IDA) (Y connector).

Higher enhanced
sensitivity,
reproducibility,
and precision.

Figure 2. Flow Chart for Nebulizer Selection using LC-ICP for Speciation Analysis
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4.1. Arsenic Speciation by HPLC-ICP-MS

MultiNeb®: Arsenic speciation in foods and human
biological fluids using HPLC-ICP-MS by online internal
standard correction technique.

In this liquid chromatography-inductively coupled plasma mass spectrometry (HPLC-ICP-
MS) was optimized using an HPLC-ICP-MS to improve the analytical precision. For this
purpose, we evaluate in this study the performance of MultiNeb® inert, robustness and
durability nebulizer and a specific connector for speciation analysis designed by
Ingeniatrics Tecnologias S.L. for analytical methodologies based on the use of HPLC-ICP-
MS for speciation analysis.

Experimental

In speciation analysis based on the use of HPLC-ICP-MS, signal stability and plasma
drift, also the perturbations in the pressure pump, nebulization process, nebulizer
blockage and the mobile phase of HPLC might create some plasma perturbations,
especially when changing its composition during gradient elution, etc. As a result, the
detection response and the baseline signals often fluctuate during analysis, limiting
precision and accuracy of quantifications. In this sense, with order to reduce the effects
previously mentioned, in this work, an analytical methodology has been proposed for
arsenic speciation analysis using HPLC-ICP-MS by online internal standard correction
technique based on instrumental schematic representation of MultiNeb® based
configuration showed in Figure 3 and operational conditions are shown in Table I.

....................................... - -
. / - ~, Figure 3. Schematic

7900 ICP-MS Parameters (Agilent Technologies) E ICP-MS ' representation of
ey ; 1550 ! | MultiNeb® based
Plasma gas flow (L min~") 15 | gl i configuration for
Augiliary gas flow (L min~7) 0.5 i " Pe;i:'i:.a:ic memal | SPeciation Analysis
Carrier gas flow (L min-") 06 | s ) using high-pressure
Sampling Depth (mm) B.0 _:::'_::::T_f-::::::::"\l connector for LC-ICP
Cell gas flow (mL min!) 4.0 (He Collision Gas) HPLC E Cmﬁm‘ogmmacgmm i using MultiNeb®
KED (V) 3.0 D ==~ Nebulizer (two liquid
Isotopes monitored T5pg, 350, 19588 inlets).
Soneniing and skimmer i In addition, all five arsenic species were speciated
Dwell time (s) 0.3 perisotope under operational and experimental conditions

1260 HPLC Parameters (Agilent Technologies) optimized, previously described (Figure 4).
Hamilton PRP-X100  anion- TEHEE AsB

ol exchange column (250 x 2.1 mm =

10pm particle size) with an
associated guard column

Temperature 3nec
Gradient Elution Mode. Chanel A:

100000

5As Intensity | cps

5mM (NH,4).C04, pH 9.0, 0.05% SahEs MMA iAsY
Mobile phase Na,EDTA; Chanel B: 50 mM
(NH4),C03, pH 9.0, 0.05% Na,EDTA k “
and 5% of MeOH ; . :
Flow rate 700 pL min-! 4 _n5 i ‘: ; 7 8 2 10
“ﬂ:“ 100 uL . . . . .
= _ - Figure 4. Chromatogram of five arsenic species speciated
Table I. Operational conditions using HPLC-ICP-MS (10ng mL-1 according to As for
for 7900 ICP-MS and 1260 HPLC each form).

optimized for arsenic speciation. _ o
www.ingeniatrics.com | 5
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Results and Discussion 4

In this study, with order to reduce the effects previously mentioned, the fluctuations of “AS
and '®°Re signals were investigated to confirm the efficiency of online internal standard
quantification using '*°Re as internal standard to reduce the deviations in the
measurements. Additionally, a progressive increment in the baseline signal for both
isotopes analyzed were obtained in all analysis, more pronounced in blank samples.
Similar response was observed in the HPLC pressure pump along the elution time. This
fact could be related with a gradient elution used for arsenic speciation analysis in this
study. This observation was smoothing when the signal intensity ratios “As/'*°*Re was
represented.

Precision values were evaluated using different CRM, dogfish muscle (DORM-2), lobster
hepatopancreas (TORT-3), rice (ERM-BC211), human urine and serum (Clinchek). The
results obtained are shown in Table Il. Chromatograms obtained are shown in Figure 5.

m 012 0.88 0.42 0.29 0.36 0.21
Mean £ SD Mean £ SD Mean £ SD Mean £ SD Mean £ SD Mean £ SD
274+11 27426 99+46.2 <LOD <LOD 12146.8
260413 124411 = = 119413
17570£842 <LOD 966432 15580+872 252433 198096
1800021100 = = 164001100 = =
5843022212 <LOD 980£21 551201740 110038 3520496
595003800 = = 54900+2500 = =
53.244.1 <LOD 4.22+0.26 41426 <LOD 110.4
51.0%11 = = 39+3.0 = 11+0.6
18742 49240 31 <LOD 8.89+0.26 <LOD 5.17+0.21
19.343 5.1640.55 = 9.140.41 = 5.22+0.34

Table Il. Experimental and certified mean values for total arsenic and arsenic species concentrations in
the different foods and human biological fluids analyzed, as well as the RSD obtained for 2 replicates
using HPLC-ICP-MS and 5 replicates for ICP-MS determination using MultiNeb® nebulizer by online
internal standard calibration technique (Grey: certified values; Green: Experimental results).

Arsenic Speciation HPLC-ICP-MS 3000 1 AsB R AsB
30000
?m ERM-BC211 E 26000 DORM-2 -E 80000 TORT-3
€ 10 Rice ° Dogfish Muscle 3 Lobster Hepatopancreas
e DMA 7 20000 DMA g 60000 )
E ] . - % 15000 € oo Flgure 5.
e £ 100 £ oMA Chromatograms
2 £ s et & 2000 | t k obtained by HPLC-
% 1 2 3 & 5 8 7 5 8 m 6 12 3456780510 o 123450673090 ICP-MSwithonline
woon | Time (e Tme tmie) - Time (mie) internal standard
Z w0 AsB 25 calibration technique
H ClinChek Control Level Ii ? - ClinChek Control Level Il using MultiNeb® in
- Human Urine £ At Human Serum di
t ifferent foods and
3 DMA B . .
2 o human biological
& € o DMA . . .
5 0 insv 3 fluids analyzed in this
2 g
: B & study.
o 1 2 3 4 5 6 7 8 e 10 4 1 2 3 4 & 6 7 & a 10
Time (min) Time (min)

Conclusion
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4. Application Notes

4.2. Selenium Speciation by HPLC-ICP-MS

Performance comparison in selenoproteins quantification
by 2D-LC-SE-AF-ICP-QqQ-MS in human serum using two
different nebulizers: MultiNeb® and MicroMist®.

In this study, a good approximation of the selenium balance can be obtained by the
quantification of eGPx, SeAlb, SeP, selenometabolites in human serum. For this purpose,
in this Application Note, a method for the quantification of selenium-tagged proteins and
selenometabolites in human serum has been developed using species-unspecific isotope
dilution (SUID)-ICP-QqQ-MS online coupled to 2D/SE-AF-HPLC involving four columns in
one run for the analysis of 100 mg of sample. Conventionally, the enriched standard
required for isotopic dilution quantification is mixed with the samples or chromatographic
flow after HPLC separation using a Y connection. Recently, the novel MultiNeb®
(Ingeniatrics Tecnologias S.L.) 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 this sense, we compare the performance of Micromist® and MultiNeb® nebulizers for
analytical methodologies optimized in this Application Note for total selenium
quantification by IDA-ICP-QqQ-MS or simultaneous quantification of selenoproteins and
selenometabolites by (SUID)-ICP-QqQ-MS online coupled to 2D/SE-AF-HPLC. We can
observe in Figure 6 the instrumental configuration employed using MultiNeb® nebulizer
and the operational conditions optimized are shown in Table IIl.

IDA-ICP-QqQ-MS Operational Conditions

8800 ICP-QqQ-MS (Agilent Technologies)
RF Power (W) 1550
Plasma gas flow (L min-1) 15 \
Auxiliary gas flow (L min-1) 0.8 é
Nebulization gas flow (L min-1) 07 i
Sampling Depth (mm) 7.0 §
Cell gas flow (mL min-7) 1.35 0,/H, gas mode S
KED (V) 2.0 §

745, T5e, T5e, TBge, Blge, 5
Isotopes monitored (d:tzesg::?:;:gfjﬂng ,'z
Oz+Hz mode in Q2)

Dead Time Detector 47 ns
Dwell time (s) 0.3 per isotope

2D-HPLC-SEC-AF Operational Conditions

1260 HPLC (Agilent Technologies)
Sample loop 100 pL
Flow rate 1.3 mL min-1

Mobile phase A 0.05 M ammonium acetate pH 7.4
Mobile phase B 1.5 M ammonium acetate pH 7.4

0-7 min 100% A, 6-18 min 100% B,

/

Sl 18-20 min 100% A
1-9 min Inject (Position A) 3 ,
Valve position 9-16 min Load (Position B) ‘
16-20 min Injest (Position A) Figure 6. Schematic representation of MultiNeb®-
based configuration for 2D-HPLC-SEC-AF-SUID-
Table lll. Operational conditions for IDA-ICP- ICP-QgQ-MS using a high-pressure connector for
QgQ-MS analysis using 8800 ICP-QqQ-MS LC-ICP using MultiNeb® Nebulizer (two liquid
and 1260-HPLC (Agilent Technologies). inlets).

www.ingeniatrics.com | 7
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The proposed speciation method has been validated using some CRM of human serum
(BCR-637 and Clinchek Human Serum Level | and Il). These materials were additionally
spiked with 25 pg kg of inorganic selenium (sodium selenate) to evaluate the recovery
and precision of method. Interconversion among selenium species was not observed
under detailed experimental condition.

The use of two small SEC chromatographic columns arranged in series (Hiptrap®
Desalting Column) allows a good resolution in the speciation of eGPx and
selenometabolites, with retention times about 2 and 4 min, respectively. In addition,
efficient separations of SeP (11 min) and SeAlb (16 min) in undiluted human serum are
obtained using an online dual chromatographic affinity column arrangement that exploits
the selenoproteins selectivity towards Heparin-sepharose and Blue-sepharose stationary
phases (Figure 7).

Mass Flow "Se (ug min')
ORI oy iy . Y

4
Size Exclusion
Chromatography

Additionally, when Micromist® nebulizer is employed,

001 4

the HPLC-SUID-ICP-QqQ-MS online coupling was & oioos i i E
performed by connecting the outlet of the £ oooo | E ;
chromatographic column to the Y connector directto 5 oo I —_— E !
Micromist® nebulizer inlet (Glass Expansion, o0z | | ;
Switzerland) of the ICP-MS by means of a 30 cm PEEK 0 e et e it Wi
tubing (0.75 mm i.d. and 1.6 mm o.d., green PEEK). Post T

column isotope dilution analysis was performed by the Figure 7. Mass flow chromatogram
introduction of "‘Se via the Y connector. The results "®Se/*Se isotope ratios in human

. . serum using 2D/SE-AF-HPLC-SUID-
obtained are shown in Table IV. ICP-QqQ-MS.

Total Se (g kg ) Total Se Sum species Semetabolites SeAlb
' (g g) (pg kg™ (pg kg (pgkg) {pg kg'") (pgkg')

LOD Micromist®-based configuration 011 — 022 0.61 0.68 0.66

MeantSD  MeantSD MeantSD MeantSD  MeantSD  Meant SD
G0 Certified Values ~ 81x7  79#3  15¢4 = - 607 134
serum MultiNeb® 8043 7942 1442 <LoD 6143 1242
BCR-637 Micromist? 8346 8024 1624 <LOD 6345 13+4

[TUEUMNN Certified Values  © 58#12 | .- 0 e 0 e e e

Serum MultiNeb? 5742 5743 6.243 <LOD 4243 9.243
Clinchek | Micromist? 59+4 5824 5,644 <LOD 4544 104
[Tl Certified Values ~ 105¢11 9414 1414 .- 6923 9x4
Serum MultiNeb® 10343 10144 13:3 3.0:0.4 7343 1042
Clinchek I Micromist? 10145 99:4 1215 2.1:0.4 7245 1124

Human m 8415 8715 1124 4241 57+4 1843

Serum = =
e 8516 8716 1215 3.941 5816 1645

Table IV. 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 RSD obtained for 2
replicates using 2D-HPLC-SUID-ICP-QqQ-MS and 3 replicates for IDA-ICP-QqQ-MS using MultiNeb® and
Micromist® nebulizers

Conclusion

www.ingeniatrics.com | 6
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4. Application Notes

4.3. Mercury Speciation by HPLC-ICP-MS

HPLC-ICP-MS coupling for mercury speciation in seafood.
A performance comparison between MassNeb® and
Micromist® nebulizers.

It is well known that total elemental concentrations do not give adequate information for
food safety assessment where a metal's toxicity depends on its chemical form. In this
sense, in this study, we evaluate the performance of Micromist® and MassNeb®
nebulizers for analytical methodologies optimized for total mercury quantification by IS-
ICP-MS or simultaneous quantification of inorganic mercury (iHg) and methylmercury
(MeHg) in seafood samples

Experimental

For mercury speciation analysis, many studies used HPLC-ICP-MS as an effective
method. Three CRMs (BCR-463 Tuna Fish, DOLT-4 dogfish liver and TORT-3 lobster
hepatopancreas) were used for the validation of the method. Interconversion among
mercury species was not observed under detailed experimental condition. In addition,
mercury species were speciated under operational and experimental conditions
optimized in less of 4 min (Table V). The resulting chromatogram is shown in Figure 8. As
can be seen in Figure 8, the results obtained in this study using MassNeb® in
combination with the One-Piece High Pressure for Speciation Analysis by HPLC-ICP (Part
Number. CN253005, Ingeniatrics Tecnologias S.L.) provides better sensitivity in
comparison with the results when Micromist® nebulizer is employed. In addition, baseline
smoothing, and reproducibility is observed using MassNeb® in combination with the One-
Piece High Pressure Connector (Figure 9).

Figure 8. Schematic
7900 ICP-MS Parameters (Agilent Technologies) 2000 Hg MeHg representation of

RF Power (W) 1550 - }\ MultiNeb®-based
Plasma gas flow (L min-1) 15 z g | mmewer  configuration for 2D-
Auxiliary gas flow (L min~7) 0.5 E 1000 | | | Weromist HPLC-SEC-AF-
Carrier gas flow (L min~1) 0.6 ;:. J .T’ [ SUlD-lCP-qu-MS
Sampling Depth (mm) 8.0 g soo \ i USing a hlgh-
MassNeb gas flow (L min-1) 07 J I\ pressure connector
Micromist gas flow (L min-) 0.9 o 1 L L, for LC-ICP using
Isotopes monitored 2WHg, 202Hg, 135Re (IS) Time (min) MultiNeb® Nebulizer

(two liquid inlets).

Sampling and skimmer
cones

Ni

Dwell time (s) 0.3 per isotope
1260 HPLC Parameters (Agilent Technologies)
SR i
. . Y g0 Micromist

Temperature 30°C Baseline profile -B.:

s SRS ey B %

Fl?wr-ate 800 pL min™! HPLC-ICP-MS E 40 1 )

ﬂﬁ:ﬂ Lok employing o ;
Table V. Operational conditions for MassNeb® and g 201
7900 ICP-MS and 1260 HPLC optimized ~ Micromist®). 0 . . ‘
for mercury speciation by HPLC-ICP- 0 0,1 0,2 0,3
MS (Agilent Technologies). Time (min)

www.ingeniatrics.com | 9
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Results and Discussion

Table VI summarizes the experimental registered values for each mercury species with
both nebulizers evaluated, as well as the RSD obtained for 3 replicates of each of the
CRMs used in the experimental development of this application note. Precision is
expressed as the relative standard deviation percentage (RSD%). Generally, MassNeb®
shown better precision and reproducibility results in comparison with the results
obtained with Micromist® nebulizer. In this sense, the increased precision in the results
using MassNeb® nebulizer is related with the higher sensitivity and reproducibility
reported by the results obtained in comparison with Micromist® nebulizer.

Total Hg iHg MeHg (as Hg)
oy | ey | et

| LODMassNeb® | 0.0018 0.0031 0.0035

LOD Micromist® 0.0024 0.0042 0.0048

P Mean + 8D Mean * SD Mean £ SD
S R

BCR-464
Tl 5.22:0.25 0.11£0.009 5.08:0.19
u' 5.17:0.36 0.13:0.012 5.09:0.26
DOLT4 ____
Deriet foer 2.56£0.19 1.20:0.11 134:0.14
u' 2.5110.28 1.14+0.18 129:0.17
TORT-3 ____
Lobster 0.290:0.018  0.139:0.021 0.135:0.015
Hepatopancreas ui:rnmin' 0.288:0.026 0.142:0.020 0.132:0.022

Table VI. Experimental and certified mean values for total mercury and mercury species concentrations
in the different seafoods analyzed, as well as the RSD obtained for three replicates by HPLC-ICP-MS.

In addition, in order to validate the method performance in real samples, a spike recovery
test was performed using the mixed Hg species standard solution. Post-digestion spikes of
100 ng kg'and 1 pg kg™ Hg were prepared to check spike recoveries of Hg and also
evaluate whether the presence of a high concentration of inorganic Hg would have any
impact on the recoveries of methylmercury during the chromatographic separation. The
recovery obtained were 96 — 104 % for MassNeb® nebulizer and 91 — 108 % for Micromist®
nebulizer.

Conclusion

www.ingeniatrics.com | 10
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4. Application Notes

4.4. Chromium Speciation by HPLC-ICP-MS

Chromium speciation in waste waters by HPLC-ICP-MS. A
performance comparison between MassNeb® and
Micromist® nebulizers.

Chromium toxicity, bioavailability and transport properties depend on the specific form in
which element is present in the environment rather than its total amount.

Along with an improvement of analytical methods, speciation analysis has attracted more
attention based on the use of HPLC-ICP-MS. In this study, we evaluate the performance
of MassNeb® inert, robustness and durability nebulizer combined with a One-Piece High
Pressure specific connector for speciation analysis by HPLC-ICP-MS in comparison with
the conventional connection kit for speciation analysis by HPLC-ICP-MS when
Micromist® nebulizer is employed for this purpose.

Experimental

Chromium species were speciated under operational and experimental conditions
optimized in less of 4 min (Table VII). The resulting chromatogram is shown in Figure 10.

It has been demonstrated that the novel high-pressure connector for speciation
analysis by HPLC-ICP-MS designed by Ingeniatrics Tecnologias S.L. present some
advantages, such as minimize dead volume and peak broadening (higher
chromatographic resolution and sensitivity), because of increased I.D. and perturbations
in the pressure elution causing by interface connection kit normally employed for
HPLC-ICP-MS coupling when Micromist® is used as nebulizer (Figure 10).

7900 ICP-MS Parameters (Agilent Technologies) A ™ MassNeb®
RF Power (W) 1550 o ’(\ ) pS—
Plasma gas flow (L min-1) 15 é i I‘\crwn
Auxiliary gas flow (L min-1) 0.5 § / \
Carrier gas flow (L min=1) o6 / \ / \
Sampling Depth (mm) 80 , \ )J \
MassNeb® gas flow (L min-1) I @90 R’
Micromist® gas flow (L min-7) 09 —— L.;"“'("T:“’ e
ZITE LI | Figure 10. Chromatographic profile obtained for 1 pg
KED Bias (V) 7 Kg-1 (as Cr) of Cr (Ill) and Cr (VI) species. A)
He Cell Gas Flow (mL/min) 8 Chromatogram obtained using MassNeb® in
Sampling and skimmer cones Ni combination with the One-Piece High Pressure for
Dwell time (s) T — Speciation Analysis for HPLC-ICP-MS;
1260 HPLC Parameters (Agilent Technologies)
Agilent speciation column for testing
Column chromium by HPLC-ICP-MS (4.6 mm x 30 B) On the other B e
mim). .
—— vec hand, the A.gllen'.t _ Micromist®
. LC connection kit Crmist2
Mobile 5 mM EDTA (2Na)* — 5 mM NaH;P04/15 mM .. o
phase Na;S0;, pH = 7.0 adjusted with NaOH for speciation 3
e 1.2 mLmin analysis by . a0
o soout HPLC-ICP-MS L
e e (Part No: G1833-
Table VII. Operational conditions for 65200) was "
7900 ICP-MS and 1260 HPLC optimized employed using 5 LT
for chromium speciation by HPLC-ICP- Micromist® o
MS (Agilent Technologies). nebulizer.

www.ingeniatrics.com | 11




\.’_.

Ingeniatrics®

A
Nebulizers and Nozzles \ﬂ
(] o - ;

Results and Discussion

In order to validate the method performance in real waste waters samples a spike
recovery test was performed using the mixed Cr species standard solution at 10 pug kg-1.
The recoveries obtained were shown in Table VIIl. The samples were donated by a control
analysis laboratory located in Huelva (Southwest of Spain). Table VIl summarizes the
experimental registered values for total chromium and each species, as well as the
standard deviation (SD) and recoveries results obtained for 3 replicates. Generally, the
results reported when MassNeb® nebulizer was employed shown better precision and
reproducibility in comparison with the results obtained with Micromist® nebulizer.

Total Chromium Cr (1) Cr{VI)
Experamental Results (pg kg") (pg kg ") (ng kg

| LODMassNeb® | 0.0036 0.047 0.051

LOD Micromist® 0.0054 0.062 0.083

. Mean t SD Recovery Mean = SD Recovery Mean + SD Recovery

WASTE WATER 51.1841.66 28124118 20.63+0.92

S __-_-_-

WASTE WATER 43.5211.31 21.3641.03 20.8440.77

e __-_-_-

WASTE WATER 60.22+2.03 33.1441.83 25.90+1.16

SAMPEC __-_-_-

Table VIII. Experimental mean values for total chromium and Cr (lll) and Cr (VI) species concentrations
in the waste waters samples analyzed, as well as the SD and recoveries obtained for three replicates
using HPLC-ICP-MS.

Accurate, sensitive determination of chromium species in waste waters was
demonstrated using anion exchange chromatography after conversion of Cr (lll), which
is cationic, to its anionic form by complexing with EDTA. Analysis is rapid, taking only
about 4 minutes, and is capable of measuring both species at concentrations less than
100 ng kg™ (ppt).

Conclusion
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5. Nebulizers and Accessories

One@\leb

OneNeb® (Ingeniatrics Tecnologias S.L.)

Sample flow rate 0.5 - 2.0 mL min~' [best with 1.0]

Argon flow rate 0.6 - 1.0 L min™’

Argon pressure 180-250 kPa

Sample connection Direct, 1/16" OD PFA tubing to 0.5 - 0.8 mm ID
Spray chamber fit Nebulizer body 6mm OD

Materials PFA, ETFE, PTFE, PEEK and LCP

Chemical compatibility Aqueous, HF acid and Organic Solvents

TDS handling capacity 250 gL

UNSPSC code 41113000

-
M/ - :
c" MassNeb® (Ingeniatrics Tecnologias S.L.)
M as s N e b Sample flow rate 0.05 - 1.0 mL min~" [best 0.2]

Argon flow rate 0.6 - 1.0 L min™!

Argon pressure 180-250 kPa

Sample connection Direct, 1/16" OD PFA tubing to 0.5 - 0.8 mm ID
Spray chamber fit Nebulizer body 6mm OD

Materials PFA, ETFE, PTFE, PEEK and LCP

Chemical compatibility Aqueous, HF acid and Organic Solvents

TDS handling capacity 100 gL

UNSPSC code 41113000

www.ingeniatrics.com | 13
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5. Nebulizers and Accessories MUltIN eb\

Sample flow rate 0.25 - 1.0 mL min-" [per channel]

Argon flow rate 0.7 -1.0 L min!

Argon pressure 180-200 kPa

Sample connection Direct, 1/16" OD PFA tubing to 0.5 - 0.8 mm ID
Spray chamber fit Nebulizer body 6mm OD

Materials PFA, ETFE, PTFE, PEEK and LCP

Chemical compatibility Aqueous, HF acid and Organic Solvents

TDS handling capacity 200 gL

UNSPSC code 41113000

Flow Chart for Nebulizer Selection

¥ Speciation Analysis LC-ICP-MS/OES * Speciation Analysis LC-ICP-MS/OES
Preparative Scale COlu_ﬂ'l_:B Analytical Scale Columns
(Elution flow > 1.0 mL min™") (Elution flow < 1.0 mL min")
ICP-OES / MP-AES
. ' Enhanced sensitivity,
Enhanced sensitivity, A Online Internal Standard T :
pepreiiesbiiey, aul Online Dilutions i repl’odl.l(:llbl.ilty, and
Calibration (IS) S
precision [ | | | i
= Introduction of Organic I I — Pa:ticl (sP)
Online Dilutions Solvents . PR e <
(Y connector) Online Isotopic Dilution and Single Cell (SC)
1 | Analysis (IDA) Analysis
¥ ) Chemical vapor or ]
Introduction of organic hydride generation in i i
solvents regular spray chambers 5 O_nllne Iso‘tl:fplc
(Oxygen supply required) Dilution Analysis (IDA)
: Xyg req ‘ (Y connector)
. . :
- ; |
Online Internal - "
Standard Calibration MultiNeb® O"I'r:a?-“mm{a: s?.:?dard
- it n
(1s) . 0.25-1.0 mL min™ [per channel] (¥ connecton)

Nebulization pressure: 150-250 kPa

® g v Increased sensitivity, MassNeb®
OneNeb reproducibility, and 0.05-1.0 mL min"

0.50-1.0 mL min™’ precision. L
Nebulization pressure: 125-250 kPa v' Lower sample flow Nebulization pressure: 175-250 kPa

rate.
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Accessories
I e

CN2510050 Conector ON / MS 0.5mm

CN2510010 Connector ON / MS 0.10mm

CN2510025 Connector ON / MS 0.25mm

Connector ON / MS 0.5mm AVS . '
CN2520050 Sample inlet fitting for AVS valve Agilent v
Technologies

CN2530075 Connector ON / MS speciation 0.75 mm @

CN2530005 Connector ON / MS speciation 0.125 mm Q

Connector gas PE
CN3010000 Gas connector for PerkinElmer

CN2010050 Connector MultiNeb®

Connector MultiNeb®

CN2030075 speciation 0,75mm
Connector MultiNeb®
CN2030005 speciation 0,125mm

Connector MultiNeb® AVS
CN2020050 Sample inlet fitting for AVS valve
Agilent Technologies q
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6. EQquipment compatibility

Agilent Technologies
5100/5110/5800/5900/ L
(el 700-ES series Axial-Radial Agilent
ICP-OES 7700/7800/7900/7850/8800/8900 :
MP-AES 4100/4200/4210
ThermoFisher Scientific
ICP-MS iICAP Q/TQ/RQ/RQ Plus )
iCAP PRO-iCAP PROX-iCAP PROXp-iCAP ThermoFisher
ICP-OES . ) SCIENTIFIC
PROXxps series 6000/7000 Duo and Radial
Element 2/ Element XR/ Neoma/Neoma
MC-ICP-MS 1 /o
PerkinElmer
ICP-MS NexION 300/350/1000/2000/5000 ' >
Avio 200,500,220,550,560 /Optima 2000, PerkinElmer
ICP-OES 4000, 5000, 7000 DV / Optima 4300, 5300,
7300, 8000, 8300
Analytik Jena
Aurora M90 / 800-MS Series / analytikjena
ICP-MS PLASMAQUANT MS and PLASMAQUANT MS
Elite
Shimadzu
ICP-OES 7000, 8000, 9000/9800/9820 (] sHIMADZU
ICP-MS ICPM 8500 / 2030
Spectro
- G SPECTRO
ICP-OES Arcos || EOP-SOP / Blue EOP/TI/SOP
RADOM R ADOM
MP-AES MICAP-OES 1000 ~m

www.ingeniatrics.com | 13




i
4
. SN2

Ingeniatrics®

Nebulizers and Nozzles

7. Upcoming Nebulizers

m Specially designed for

Single Cell and Single

o Particle analysis
UltraNeb

Sample flow rate 10 — 250 pL min-!

Argon flow rate 0.5-1.0L min"! Ultratrace
Argon pressure 180-300 kPa levels
Sample connection Direct, 1/16" OD PFA tubing to 0.1 - 0.2 mm ID

Spray chamber fit Nebulizer body 6mm OD

Materials PFA, ETFE, PTFE, PEEK and LCP

Chemical compatibility Aqueous, HF acid and Organic Solvents

TDS handling capacity 50gL’

UNSPSC code 41113000

www.ingeniatrics.com | 17




e ®© o ® 0 © o o

*® & © & o o©o © o & =
® ® & @& @& @ @ o @

Ingemotnc

Nebullzers and Nozz/es

e o » @ P]| ParguesPlata -
C/ Camino Mozarabe, 41
41900 Camas, Seville

L ] @ Bl [ ] @ .(Spalrﬂ )

(+34) 954 08 1214
- info@ingeniatrics.com

L] o <3 B o »
WWW.Ingenlatrlcs.com

o & © & & ® 0 0 ¢
o 6 & o 0 ® & & @
® ® o & © ® ® ® O o
' ® ® o o o o & ® @ @

® & © ¢ 0 @ o © & ® @ @ @
® ® ¢ o ®» & & & & ® o
® @ ¢ &« o © © @ & ® & o

® ® & ¢ & © o ®» o



	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21

