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A direct solid sampling approach for fluorine
determination via ETV/ICP-QQQ-MS

*

Vera M. Scharek, Heike Traub™® and Bjorn Meermann

Organic fluorine sum parameters are used to detect F-containing pollutants, e.g., per- and polyfluoroalkyl
substances (PFASs), in the environment, within materials, or for monitoring technical processess, e.g.,
thermal decomposition of PFAS during municipal waste incineration. However, established approaches
determining the extractable organic and adsorbable organic fluorine content (EOC and AOC) require
laborious and error-prone sample preparation. We report a solid sampling-electrothermal vaporization

(ETV) method for direct fluorine measurement based on the formation of [**®Ba'°F]*

with an inductively
coupled plasma-triple quadrupole-mass spectrometer (ICP-QQQ-MS). Method development involved
the instrumental setup for Ba introduction and fluorine-specific tuning of lens and collision-reaction cell
(CRC) parameters. An inorganic fluorine fraction was detected in a cyclonic dust sample from
a municipal waste incineration plant as a peak above a broad background signal. The content was
estimated through standard addition using a NaF solution to 2300 pg g~*. With a limit of detection (LOD)
of 130 nug g% which was below the reported value for an electrothermal vaporization/inductively

coupled plasma-mass spectrometry (ETV/ICP-MS) approach, acquiring [*°FI*. The method's potential for

rsc.li/jaas

Introduction

Fluorine is ubiquitously distributed on the earth and occurs in
the form of fluoride anions, e.g., in seawater," and as hydroxy
silicates and apatite (>1 wt% in fluorine-rich rocks) in the lith-
osphere.”? While the occurrence of natural organofluorides was
reported, e.g., fluoroacetate in plant extracts,’> most fluorinated
organic substances are of anthropogenic origin. Due to the high
polarity and bond energy of the C-F bond (105.4 kcal mol %),
organofluorine compounds exhibit alternated physicochemical
properties and enhanced thermodynamic stability.* Conse-
quently, these compounds are found in a wide range of indus-
trial applications, including herbicides and pharmaceuticals
with enhanced drug efficiency,® as well as fluoropolymers for
waterproof clothing, non-stick surfaces in cookware, and in
solar and fuel cells.>® Among organofluorines, the emerging
substance class of per- and polyfluoroalkyl substances (PFASs)
has gained recent attention.

PFASs are found in everyday products, including food
packaging, cookware, textiles, ski wax, as well as building and
automotive materials,’ due to their hydro- and oleophobic
properties. However, the highly stable compounds are sus-
pected to have adverse health effects.” Through the risk of liquid
leachates, PFAS-containing waste in landfills poses a time-
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fractionation analysis was demonstrated by analyzing polytetrafluoroethylene (PTFE) powder.

delayed source.” The remineralization of PFAS is regarded as
the only permanent solution, demanding destructive
processes.” During thermal waste treatment, solid reaction
products such as coke, polymeric material, and mineralized
fluorine are formed alongside gaseous products, e.g., CO,, CO,
HF.® Thereby, volatile and new PFASs are generated through
incomplete destruction and can be emitted into the
atmosphere.®”

To detect the release of fluorine-containing compounds into
the environment and investigate the fate of PFASs, a compre-
hensive fluorine analysis is necessary. So far, no single robust
quantitative method is available.® In solid residues, PFAS anal-
ysis is possible after extraction, purification, and enrichment
steps. However, targeted approaches are limited by the large
variety of the substance class (>19 000 listed chemicals),® which
is further diversified by degradation products. Non-specific
mass balance approaches encompass the determination of
organic fluorine sum parameters in extracts of solid samples.>*®
Thereby, the extractable or adsorbable organic fluorine (EOF/
AOF) content after solid-phase extraction and adsorption at
activated carbon, respectively, is quantified by combustion ion
chromatography (CIC). For solid analysis, these parameters
strongly depend on the extraction medium.' Detection via
fluoride ion-selective electrodes (F-ISE) in combination with
sample combustion is used for screening high-fluoride
systems." Hence, a direct solid sampling approach for fluo-
rine fractionation would be beneficial. K-edge X-ray absorption
near-edge structure spectroscopy has been applied for the
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speciation of fluorine compounds in soil.** However, the surface
technique yields (semi-) quantitative results. While nuclear
activation techniques, e.g., instrumental neutron activation
analysis, are suitable for fluorine screening, fractionation
analysis is not feasible."

Recently, laser-ablation coupled to inductively coupled
plasma-mass spectrometry (LA/ICP-QQQ-MS) has been reported
for fluorine mapping using the polyatomic ion formation of
BaF." Fluorine detection with ICP-MS is challenging due to the
high ionization potential of fluorine (17.42 eV) and spectral
interferences from double-charged [**Ar]** and other poly-
atomic species, e.g., ['H'®0]". Attempts to resolve the mono-
isotopic [*°F]" with a sector-field ICP-MS and electrothermal
vaporization (ETV) were successful but yielded low sensitivities
(ug g * to percentage level).'*** The determination of [*°F]” with
an ICP-MS in negative-mode was reported by Vickers et al. and
Raab et al.** However, instrumental modifications are
required to detect negatively charged ions. A method using
a plasma-assisted reaction chemical ionization was developed
by Lesniewski et al..® Thereby, neutral species formed in the
plasma are ionized in an afterglow reaction tube by reacting
with ions. Measuring [BaF]" with an ionization potential of
4.70 eV was first described in a feasibility study by Yamada and
enabled the determination of fluorine in sub-ug g~ levels.” The
reduction of Ba-derived interferences was achieved with colli-
sion reaction cell (CRC) technology, utilizing O, (on-mass) and
NH;/He in mass-shift mode. Jamari et al. applied s-lenses with
inverted extraction voltages for the detection of fluorine-
containing compounds in water with an optimal signal-to-
background ratio at energetic CRC conditions (—60 V OctP-
bias, 0.75 mL min~' 0,).?° Plasma conditions and sampling
position were found to be crucial for [BaF]" formation and
sampling, showing a high matrix dependency.”* The BaF
approach has been used for several applications, e.g., speciation
with chromatographic coupling® and single particle measure-
ments of polytetrafluorethylene (PTFE) particles.”*?* To the
authors’ knowledge, the method has not been adapted to ETV/
ICP-QQQ-MS, whose speciation and fractionation capability has
been shown for Hg and Sn, respectively.”*>¢

This work aimed to develop an ETV/ICP-QQQ-MS method for
the detection of fluorine as [BaF]’, encompassing the instru-
mental setup and tuning of the solid sampling introduction
system. To demonstrate the methods' applicability for the direct
analysis of solid samples, we analyzed a dust sample from
a field campaign on the behavior of PFAS during thermal waste
treatment. The quantification of the (total) fluorine content was
carried out via standard addition as a proof-of-concept
approach and compared to F-ISE measurements of the sample
after combustion. Furthermore, we investigated the fraction-
ation potential of ETV for determining fluorine sum
parameters.

Experimental

Chemicals

Fluoride standard solution (1000 mg L™" F from NaF in H,0)
and barium standard for ICP (1 g L™ Ba in nitric acid) were
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purchased from Merck (Darmstadt, Germany). Purified water
from a Milli-Q water purification system (Merck Millipore,
France) was used. Nitric acid (HNO3, 65% (w/w)) from Th. Geyer
(Renningen, Germany) was sub-boiled prior to use. Fluorine-
specific tuning was performed using trifluoromethane (GHC,
Hamburg, Germany). PTFE nanopowder (99.9%) was obtained
from Nanografi Nano Technology (Ankara, Turkey).

Cyclonic dust sample

The cyclonic dust sample was obtained during a field campaign
within the framework of the German Federal Environmental
Agency's departmental research plan on the subject “Outward
transfer of pollutants from material circulation through
thermic procedures” in February 2025. To investigate processes
on an industrial scale, test series were conducted at the
municipal waste incineration plant of the joint venture power-
generating plant in Schweinfurt (Gemeinschaftskraftwerk
Schweinfurt GmbH, GKS).

Instrumentation

An ETV system ETV-4000d, equipped with an autosampler AD30
(Spectral Systems, Fiirstenfeldbruck, Germany) was used as
a solid sampling unit for an 8900 triple quadrupole ICP-MS
(Agilent, Waldbronn, Germany). S-lenses with nickel cones,
and a quartz torch with a 2.5 mm inner diameter were used
(Agilent, Waldbronn, Germany). Lens and CRC parameters were
tuned with CHF; through the ETV reaction gas inlet. Table 1
includes typical parameter values. Pyrolytically coated sample
boats and tubes (Size “maxi”, Spectral Systems, Fiirstenfeld-
bruck, Germany) were utilized. The temperature reading of the
internal ETV pyrometer was adjusted to an external pyrometer
PKL 38 AF 1 (KELLER HCW GmbH, Ibbenbiiren, Germany) prior
to each measurement day. The ETV system was operated with
carrier and bypass gas flows of 0.142 L min~" and 0.420 L min ™"
argon, respectively. For mixing of the barium solution
(100 mg L', prepared in diluted nitric acid) with the ETV
sample gas flow, an inlet system developed for the on-line
introduction of standard solutions was used.” The inlet
system is based on a modified cyclonic quartz spray chamber
(Thermo Fisher Scientific, Bremen, Germany) equipped with
a low-flow nebulizer (X175, Burgener Research Inc., Mis-
sissauga, Ontario, Canada) operated at 7.5 L. min~'. Operating
conditions are listed in Table 1. ["**Ba' F]" and [*°Ar*°Ar]", as
a plasma indicator,”” were measured on-mass. To observe fluc-
tuations in the Ba proliferation, [***Ba]" were acquired with
a mass shift to [***Ba'°0'°0]" (m/z 167).

Results and discussion
Method development

Measuring fluorine as [BaF]" is an established approach for ICP-
QQQ-MS analysis.'*****-** However, transferring liquid analysis
setups to solid sample introduction requires modification of (i)
the introduction of Ba into the plasma along with the sample,
and (ii) adaptation of the tuning procedure. Liquid analysis
commonly involves the on-line introduction of the barium

This journal is © The Royal Society of Chemistry 2026
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Table 1 Operating conditions of the ETV/ICP-MS system”
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ICP parameter

Value

ICP-MS instrument

Ion optics

Cones

Plasma power (W)

ICP gas flows (L min™")
Nebulizer gas pressure (psi)

8900 triple quadrupole

S-lenses, 200.0 V (extract 1)%, 3.0 V (extract 2)%, 9.2 V (deflect)®
Ni sampler and skimmer cone

1500

0.90 (auxiliary gas), 15.0 (plasma gas)

65, equaling an argon gas flow of 1.04 L min™*

Sampling depth (mm) 3.0

CRC mode Value
Reaction gas O,
Reaction gas flow (mL min ") 0.30
Octopole bias (V) -5.0
Energy discrimination (V) —10.0
ETV parameter Value

ETV system ETV-4000d equipped with autosampler AD30
Sample boats and tubes Pyrolytically coated graphite, size “maxi”
ETV gas flows (L min™") 0.142 (carrier gas), 0.420 (bypass gas)
Acquisition parameter Value

Acquisition mode

Scan type

Isotopes monitored
Integration time per mass

“ Typical value after tuning with CHFs.

solution through a T-piece.’®*® With ETV, it is possible to add
barium directly to the sample into the graphite boat. In our
approach, we opted for on-line addition using a separate
nebulization system, as the vaporization temperatures of
fluorine-containing components and ionic barium are
presumably different from each other. The aerosol was gener-
ated via a low-flow nebulizer, reducing the water intake into the
plasma, which was found favorable for [BaF]" analysis by Clases
et al.®

Fluorine-specific tuning of the instrument parameter is
essential for optimal [BaF]" sampling from the plasma.’** In
conventional ICP-MS, plasma parameters are optimized based
on example elements. However, the polyatomic formation
presumably takes place in a small plasma zone after the
maximum ion density of [Ba]"/[Ba]*".* To avoid the laborious
comparison of transient signals from the vaporization of fluo-
rine standards, we utilized the reaction gas inlet of the ETV
system to generate a continuous fluorine flow to the ICP. A dwell
time of 30 ms was selected as a compromise between signal
intensity and acquiring sufficient data points for peak evalua-
tion. Jamari et al. reported a narrow optimum for nebulizer and
make-up gas flows.”® In our setup, the gas flows of the sample
introduction system were determined by technical require-
ments, e.g., from ETV. We adjusted the sampling position to
a hot plasma region close to the load coil (3.0 mm), similar to
that reported for LA-measurements.*

This journal is © The Royal Society of Chemistry 2026

Time-resolved analysis

MS/MS

[138Ba19F]+, [40Ar4OAr]+ (both On‘mass), [135Ba]+ - [135Ba160160]+
30 ms

In standard mode, the 8900 triple quadrupole is operated
using a so-called “x-lens”, which deflects the ion beam off-axis
to the sampling interface axis to remove photons and non-
charged species. However, polyatoms have less kinetic energy
and tend to diffuse at the edge of the ion beam, reducing their
transmission. Following previous work, a s-lens was used for
increased ion transmission by focusing the ion beam on
a straight path."*?°* Optimal lens parameters were comparable
to reported values." Due to the absence of water in the system,
little formation of the isobaric interference [***Ba'®0'H]" was
expected. Additionally, a constant background signal would be
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Fig.1 Deflect voltage as a function of the octopole bias. The blue line
shows the linear correlation.

J. Anal. At. Spectrom.


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d6ja00014b

Open Access Article. Published on 27 February 2026. Downloaded on 4/10/2026 2:49:18 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

JAAS

separable from peak signals through treatment of the time-
resolved analysis data. Hence, we aimed to tune the CRC
conditions for maximum sensitivity with less energetic CRC
conditions in O, mode. The highest signal intensities were
observed for an octopole bias of —5.0 V. Thereby, a linear
correlation between the collision energy and the deflect lens
voltage was found (Fig. 1). Deflect lens guides ions into the CRC,
where a more negative octopole bias increases the collision
energy. Consequently, the ion inlet into the cell appears to
influence the CRC processes depending on the applied accel-
eration energy.

Analysis of solid samples

By gradually increasing the temperature of the furnace, matrix
and sample components of different boiling points can be sepa-
rated via ETV to prevent signal suppression through plasma
loading. Fluorine detection as [BaF|" is especially sensitive to
plasma alteration, since the polyatomic formation occurs in
a small temperature zone in the plasma. Non-spectral interfer-
ences can be observed by monitoring the argon dimer
[*°Ar*°Ar]".2°*” For m/z 80, the ETV time scan of the dust sample
showed two peaks at ~125 s and ~170 s, equaling furnace
temperatures of about 900 °C and 1350 °C, respectively (Fig. S1 in
the SI). Due to their distinct shapes, the peaks could be ascribed to
the vaporization of selenium components present in the sample
rather than plasma effects. Barium was detected via m/z (135 —
167). Presuming a constant proliferation, detecting [***Ba]" as
[***Ba'®0"™0]" could be used as an indicator for non-spectral
interferences, considering the plasma reaction of Ba to BaF.

The ETV time scan of the dust sample is depicted in Fig. 2.
Until an ETV temperature of about 750 °C (~110 s), constant
signal curves were observed for [***Ba'°F]" and [***Ba'°0'°0]". A
moderate baseline level of 10 cts was acquired for m/z 157,
coinciding with blank measurements. An example time scan of
an empty graphite boat is provided in the SI (Fig. S2). Starting at
110 s, m/z 157 and 167 signals decreased until a rebound at
175 s (~1400 °C), indicating the vaporization of matrix
components. After the signal increase, the Ba signal remains
steady except for small variations. With approximately 2 x 10*
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Fig. 2 ETV/ICP-QQQ-MS time scan of cyclonic dust (without stan-
dard addition) acquired in MS/MS scan mode. The CRC was pressured
with an oxygen gas flow of 0.03 mL min~*. The ETV temperature
program is shown in grey.
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cts, the [***Ba’®0'®0]" signal intensity stays below the value of
the first part of the ETV program (0-120 s), probably due to
signal suppression through ongoing matrix vaporization.

The [BaF]" signal shows a small peak at 180 s (~1450 °C).
However, the peak did not appear in further measurements with
standard addition (Fig. 3A in the following section) and could
be caused by plasma fluctuation. At approximately 1800 °C
(~215 s), a steep signal increase was detected, denoting the
vaporization of presumably inorganic fluorine-containing
compounds (FCCs). The intensity of m/z 157 remains at
a high level (>1.1 x 10° cts) until the end of the temperature
program, accompanied by the cooling of the furnace. Although
no noticeable sample residue was observed in the graphite
boats, incomplete fluorine release from minerals, e.g., F incor-
porated in quartz (melting point: 1610 °C, boiling point: > 2230
°C), could cause this finding. The use of a reaction gas for
complete sample vaporization was not feasible since commonly
F-containing Freon gases are utilized for this purpose. In the
time scan section 215 - 306 s, the shape of the [BaF]" signal
appeared irregular. However, a peak was recognized at ~240 s
(2040 ©°C), indicating the detection of an F-fraction with
different vaporization behavior. The vaporization of PFAS was
expected at temperatures below 250 °C, while the release of
surface-mediated decomposition products was found in exper-
iments with activated carbon up to 900 °C.*® Hence, the peak
was not directly associated with PFAS detection.
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Fig. 3 (A): m/z 157 ETV time scans of dust samples without added
fluoride standard and spiked with 7.5 and 10 pg inorganic fluorine (as
NaF solution). The CRC was pressurized with an oxygen gas flow of
0.03 mL min~*. The temperature program is shown in grey. (B): Peak
areas as a function of the added fluoride mass for determining the
content of an inorganic fluorine fraction in the dust sample (standard
addition approach). The analyte amount in the sample was obtained as
the intercept of the linear fit with the x-axis.

This journal is © The Royal Society of Chemistry 2026


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d6ja00014b

Open Access Article. Published on 27 February 2026. Downloaded on 4/10/2026 2:49:18 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Paper

Calibration via standard addition

Calibration strategies for ETV encompass external calibration,*
standard addition,* and isotope dilution mass spectrom-
etry.”>***! In our proof-of-concept approach, we attempted to
calibrate using a standard addition approach as the detection of
[**®*Ba'F]" is highly sensitive to plasma changes, which were
indicated by signal suppression of m/z 80 and m/z (135 — 167)
in the F-peak time window (215-250 s, Fig. S1). Isotope dilution
mass spectrometry is not feasible as fluorine is monoisotopic.
For external calibration, no suitable reference material was
available. Adding increasing amounts of inorganic fluorine as
an aqueous sodium fluoride solution resulted in a signal
enhancement of m/z 157 between 215-306 s (Fig. 3A). With
a boiling point of 1704 °C, we expected NaF to vaporize within
the ETV temperature program. Hence, the increase in the m/z
157 signal intensity presumably originates from the build-up of
refractory matrix components, e.g., in cooler parts of the ETV
graphite tube. Additionally, the ETV time scans showed an
intensification of the peak at circa 230-240 s. The peak was
assigned to an inorganic fluorine fraction based on the
following considerations: (i) The furnace temperature at the
peak detection time was in approximate accordance with the
boiling point of alkali fluorides. Deviations could be explained
through analyte-matrix interactions, the heating delay of the
ETV system, and the transport time to the ICP. (ii) The repro-
ducible peak shape suggests a faster vaporization in compar-
ison to more refractory FCCs, which were detected as a broad
signal with a duration of more than 90 s. Thus, the m/z 157
signal peak suggests the presence of adhesive FCCs that are not
incorporated into a refractory mineral phase. (iii) A linear
correlation of peak area and added fluoride standard (standard
addition approach) was found (Fig. 3B), verifying the assign-
ment to (adherend) fluorides. The inorganic FCCs could (partly)
originate from PFAS mineralized during the waste incineration.

A linear three-point calibration curve (R*> = 0.925) was
established using the baseline-corrected areas of the m/z 157
peak at 230-240 s and is depicted in Fig. 3B. The fluorine
amount was estimated through extrapolation to the intercept of
the x-axis to 2300 ug g~ ". F-ISE measurements after combustion
yielded the approximate threefold total fluorine amount (7200
ug g ). The difference in the amount is explainable through
partial integration of the [“**Ba'°F]" signal. However, inte-
grating the ["**Ba’°F]" signal over the whole range (215-320 s,
11.2 x 10° cts s) amounts to ten times the peak area obtained
through our approach. This could be attributed to sample
inhomogeneity or incomplete combustion of the sample. A
temperature of 1050 °C or similar in the combustion unit may
not decompose high-melting inorganic fluorine.® The addition
of WOs; is reported to function as a flux and could be used as
a modifier for ETV measurements.' However, the original
vaporization characteristics of the analyte might get lost
through the utilization of a modifier.

The limit of detection and quantification (LOD and LOQ)
were calculated as three and ten times the standard deviation of
blank signals divided by the slope of the calibration curve to
0.13 and 0.42 pg, respectively (130 and 420 pg g ' for

This journal is © The Royal Society of Chemistry 2026
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a theoretical sample mass of 1 mg). The estimated limits were
approximately two times lower than a previously published LOD
of 0.29 pg for the direct measurement of [*°F]" via ETV/ICP-MS.*®
Using the BaF approach, Jamari et al. reported a ~100-fold
improvement of the LOD for F in deionized water compared to
["°F]" HR-ICP-MS measurements (5070 mg L~ ').4?° A LOD of
54 mg L~ was reported for fluorine measurement with ICP-MS
in negative-mode."” The focus of our proof-of-concept study was
on the method development using ETV/ICP-QQQ-MS for
[**Ba' F]" detection and investigating the fractionation capa-
bility of ETV for FCCs in a real-world sample. However, a 50-
times lower LOD (2.7 ug g~ ') was described for LA/ICP-QQQ-MS,
showing the method's potential in combination with solid
sampling approaches.” For solid CIC measurements, a LOD at
sub-ng level (0.5 ng) was reported with the additional advantage
of a higher sample capacity (40 mg) compared to ETV/ICP-QQQ-
MS." Depending on the ETV program, the combustion time for
CIC measurements is comparable."> However, the IC run time is
typically longer, e.g., 22 min." Additional time is needed for
sample preparation when determining the EOF (>1 h/sample)
since direct CIC analysis would only yield the TF.'>'> Hence,
the main benefits of using ETV/ICP-QQQ-MS are to obtain
information on sum parameters through fractionation that
would otherwise require time-consuming and error-prone
sample preparation.

PTFE sample

Residual organic fluorine in the cyclonic dust sample could
indicate an incomplete destruction of PFAS and other organic
FCCs during the waste incineration procedure. The separation
of an organic fluorine fraction could serve as an alternative to
established sum parameters, such as EOF and AOF. However,
an EOF below the LOD of the ETV/ICP-QQQ-MS method (510
ppb) was determined by CIC, and we did not observe additional
peaks in the m/z 157 time scan. To further investigate the
fractionation potential of ETV, PTFE powder was analyzed using
the same temperature program as for the dust sample. The
[**®*Ba'’F]" time scan is shown in Fig. 4. A peak at ~110 s, cor-
responding to a furnace temperature of 740 °C, was assigned to
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Fig. 4 m/z 157 ETV time scans of pure PTFE powder (m = 0.17 mg F).
The CRC was pressurized with an oxygen gas flow of 0.03 mL min™™.

The ETV temperature program is shown in grey.
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the release of volatile FCCs through the pyrolysis of PTFE and is
in agreement with the literature (500-650 °C).*® After the peak,
the [***Ba'°F]" signal remains at an elevated level (~3 times the
baseline), indicating a successive pyrolysis. At an ETV temper-
ature of 2400 °C, a second, noisier, tailing peak was observed,
which could originate from an additional pyrolysis step.
However, little is reported in the literature for this temperature
range. Condensation of FCCs in cooler parts of the system
released at higher temperatures could cause the [“*®*Ba’F]"
signal.

Concludingly, separating PTFE (110 s) and inorganic fluo-
rine (230 s) peaks via the applied ETV temperature program
would be feasible, and could presumably be transferred to the
analysis of other organic FCCs. However, incomplete vapor-
ization, memory effects, and analyte-matrix interaction, as
described for the fractionation analysis of organotin
compounds in sediment, must be considered.*® Thus, further
careful method development and validation is required.

Conclusions

In this work, we developed an ETV/ICP-QQQ-MS method for the
direct fluorine determination of solid samples measuring
[**®*Ba'F]". Mixing of the barium solution for polyatomic
formation was accomplished in a modified cyclonic spray
chamber using a low-flow nebulizer. CHF; was utilized as an F-
source for the tuning of lens and CRC parameters. As a proof-of-
concept, a cyclonic dust sample from a municipal waste incin-
eration study was analyzed with an ETV temperature ramp from
100 to 2500 °C (10 K s Y). An inorganic fluorine fraction was
identified and quantified through standard addition with a NaF
solution. To further investigate the potential of separating an
organic F-fraction, the vaporization behavior of PTFE powder
was characterized.

We demonstrated the feasibility of determining the fluorine
fraction in a dust sample without prior sample preparation. The
decrease of the [***Ba'°F]" signal after the end of the tempera-
ture program was assigned to incomplete vaporization,
presumably due to fluorine incorporated into a refractory
mineral phase. However, a peak at ~240 s (2040 °C) was verified
as an inorganic fluorine fraction that could originate from
adherent alkali fluorides and was estimated to 2300 pg g~ '. An
approximate threefold total fluorine content was yielded by F-
ISE measurement after combustion. From the total [***Ba'°F]"
signal, an even higher actual fluorine content of the sample was
anticipated. LOD and LOQ were determined at the upper ug g~ *
level (130 and 420 pg g ', respectively). However, reported
literature values of BaF-approaches suggest that significantly
lower limits are achievable through further method optimiza-
tion. Pure PTFE powder was analyzed, since an organic F-
fraction was not identifiable in the dust sample. A [***Ba’F]"
peak at 740 °C (110 s) indicated the PTFE pyrolysis and would be
separable from inorganic fluorine. Due to an elevated back-
ground level and a second peak at higher furnace temperatures,
further method development is required for fractionation
analysis.

J. Anal. At. Spectrom.

View Article Online

Paper

As pointed out, further work is necessary for fractionation
analysis of real-world samples. However, we could show that
ETV/ICP-QQQ-MS in combination with the BaF-approach has
potential as an alternative to the established fluorine sum
parameter methods. By the measurement of m/z 80 and (135 —
167), we could demonstrate the method's suitability for a multi-
element approach. By this, the analysis time could be reduced
and the coherence between different element fractionation
recognized.
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