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Abstract

A screening method for analysis of perfluoroalkylated substances (PFAS) in biota samples has been developed and validated using liver sar
ples from polar codBoreogadus saidaand glaucous gull@rus hyperboreus The method was based on extraction of target compounds from
homogenised samples into the solvent mixture used as mobile phase in high-performance liquid chromatography (HPLC), i.e. methanol/wate
(50:50; 2 mM ammonium acetate). The extract was filtered and directly injected into a HPLC/time-of-flight mass spectrometry (TOF-MS)
system. Quantification was performed usindr@erfluoroheptanoic acid as internal standard and a calibration standard solution dissolved in
sample extract for each matrix type (matrix-matched calibration standard). The method is very time and cost efficient. Except for long-chain
compounds and perfluorooctane sulfonamide (which cannot be covered by this method), recoveries were between 60% and 115% and meth
detection limits were in the range 0.04—1.3 ng/g wet weight. Blank values could be neglected with the exception of perfluorooctane sulfonate
(PFOS), perfluorohexanoic acid (PFHxA) and perfluorooctanoic acid (PFOA). One of the major challenges in PFAS analysis is ionisation dis-
turbance by co-eluting matrix in the ion source of the mass spectrometer. Both matrix and analyte specific signal enhancement and suppressi
was observed and quantified. Repeated extraction8) gave relative standard deviations (RSD) <35% for all PFAS. Accuracy was examined
by comparing the screening method to the generally applied ion pair extraction (IPE) method. PFAS concentration values of a glaucous gull live
sample deviated by less than 30% for the two methods, provided that matrix-matched calibration standards were employed in both method
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction presence in human blood plasif&gl. Though most of the
production of PFOS-based chemicals has been phased out

Perfluoroalkylated substances (PFAS) have been indus-voluntarily by the main manufacturer, similar compounds
trially produced for several decadfk-3] and are applied  with polyfluorinated chains continue to be employed for com-
as stain and water repellents for surface treatment of tex-parable application§3]. Such compounds include shorter
tiles, carpets, leather and paper products. Furthermore, theychain perfluorinated sulfonates, perfluorinated carboxylic
are employed in the large-volume production of fire-fighting acids (usually produced by electrochemical fluorination, as
foams and in the chromium-plating industry. Perfluorooctane PFOS-based chemicals) and telomerisation products such as
sulfonate (PFOS) has recently gained considerable attentionlH,1H,2H,2H-tetrahydro-PFOS.

because of its ubiquitous distribution in bidék-7] and its In recent years, many articles about environmental mon-
itoring of PFAS in biota have been publishgt-13]. All
* Corresponding author. Tel.: +47 777 50 385; fax: +47 77750376, these studies employed the same analytical method, based
E-mail addressurs.berger@nilu.no (U. Berger). on ion pair extraction of the analytgs4,15]and subsequent
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doi:10.1016/j.chroma.2005.05.064



U. Berger, M. Hauks / J. Chromatogr. A 1081 (2005) 210-217 211

HPLC/MS guantification by tandem mass spectromfgtsy. 2. Experimental

This method is flexible and can be used for a wide range of

matrices, such as egg, blood plasma, liver and other biolog-2.1. Chemicals

ical tissues. However, the method is quite time consuming

and matrix-matched calibration standards are not routinely  The analysed PFAS are listed Table 1 including the

employed, i.e. matrix induced ionisation disturbances in the here used abbreviations as well as the purity and sup-

ion source of the mass spectrometer are usually not accountegblier of the standard compounds. AdditionafyC,-PFOA

for. Furthermore, tandem MS suffers from considerable sen- (>90%, Perkin-Elmer, Shelton, CT, USA) andi2H-

sitivity loss due to low fragmentation yields for some PFAS dihydro-PFDcA (>98%, Wellington Laboratories, Guelph,

[16]. Recently, HPLC coupled to high-resolution time-of- Canada) were tested as internal and recovery standard,

flight (TOF) MS was suggested as alternative and more sen-respectively. The abbreviations PFBS, PFHxS, PFOS and

sitive technique compared to tandem J18]. PFDcS are used for the sulfonate ions. All concentrations
The aim of this study was to develop and validate a quick given in this study are based on these ions, not the respec-

and cost efficient screening method for analysis of PFAS in tive salts.n-Hexadecanex98%, for synthesis) and tetra-

biological tissues. The method should involve as few steps asbutylammonium hydrogensulfate 9%, for synthesis) were

possible to avoid loss of the surface-active analytes, which purchased from Merck-Schuchardt (Hohenbrunn, Germany).

may occur during extract transfer between containers, solventAll other solvents and reagents used in this work were of ana-

change or solvent evaporation to dryness. Applying TOF- lytical or HPLC grade. Gas (quality 5.0) was purchased from

MS instead of tandem MS was expected to compensate forHydrogas (Porsgrunn, Norway).

the sensitivity loss implied by omitting a concentration step.

The screening method was to be validated for liver sam- 2.2. Samples, extraction and clean-up

ples from polar cod and glaucous gull, which are important

species in the Arctic marine food web. Though PFAS are  Polar cod Boreogadus saidaand glaucous gulll@arus

known to be ubiquitously present in livg¥-7], low contam- hyperboreuswere collected from the marginal ice zone in

ination was expected in the test samples due to the remotethe Barents Sea northwest of Hopen (Norwegian Arctic;

sampling location. This was expected to facilitate spiking 77°1'N, 29°5'E) during one week in late May 2004. The liver

experiments. was removed and homogenised using a blender (Ultraturrax

Table 1

The target analytes and analytical standards, their abbreviation, purity and supplier as well as cone voltage and ion mass to amézgesedion(extracted
mass chromatograms for quantification (typical mass tolerance 0.06 u)

Compound Abbreviation Purity (%) Supplier Cone voltage Quantification
V) mass (V2)
Tetrabutylammonium perfluorobutane PFBS >98 Fluk& 40 298.94
sulfonate
Potassium perfluorohexane sulfonate PFHxS 98 Intefchim 40 398.94
Potassium perfluorooctane sulfonate PFOS >08 Fluk& 40 498.93
Ammonium perfluorodecane sulfonate 25% PFDcS n.i Sigma—Aldrick 40 598.92
(weight) in 2-butoxyethanol in water (37%)
Perfluorohexanoic acid PFHxA 98 ABCR 20 268.98
Perfluoroheptanoic acid PFHpA 99 Sigma—Aldfich 20 318.98
Perfluorooctanoic acid PFOA ~95 Fluk& 20 368.98
Perfluorononanoic acid PFNA 97 Sigma—Aldfich 20 418.97
Perfluorodecanoic acid PFDcA >97 Fluk& 20 468.97
Perfluoroundecanoic acid PFUNA 95 Sigma—Aldfich 20 518.97
Perfluorododecanoic acid PFDoA 95 Sigma-—Aldfich 20 568.96
Perfluorotetradecanoic acid PFTeA 97 Sigma—Aldtich 20 668.96
1H,1H,2H,2H-Tetrahydro perfluorooctane TH-PFOS n.i Interchin? 40 426.97
sulfonic acid
Perfluorooctane sulfonamide PFOSA 97 ABCR 40 497.95
7H-Perfluoroheptanoic adid 7H-PFHpA 98 ABCR 20 280.98
3,5-Bis(trifluoromethyl)phenyl acetic adid BTPA 98 ABCF 40 227.03

2 Fluka, Buchs, Switzerland.

b Interchim, Montlyon Cedex, France.

¢ No information available.

d Sigma—Aldrich, Steinheim, Germany.
€ ABCR, Karlsruhe, Germany.

f Used as internal (surrogate) standard.
9 Used as recovery (volume) standard.
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ear gradient to 99% A, followed by 4.5 min rinsing with 99%

many). For polar cod, pooled samples consisting of livers A. The void volume of the HPLC pump led to approximately
from three fish were employed, due to the small size of the 6 min delay of the gradient on the column. The equilibration
liver. To 1.0 g of the homogenized sample in a polypropylene time with 50% A was 8 min and the total run time 23 min.

(PP) centrifuge tube, 20 ng internal standard (7H-PFHpA, seeThe TOF-MS was employed in the negative ion electro-

Table 1 20p.L of a 1 ngfrL solution in methanol) and 2.7 g
(corresponding to 3.0 mL) of methanol/water (50:50; 2 mM
ammonium acetate (NMDAc)) were added. The PP tube was

capped and the sample was thoroughly mixed using a Vor-

tex chemical mixer, and then allowed to extract for 30 min

in an ultrasonic bath at room temperature. After extraction,

the mixture was first coarsely filtered through Kleenex cov-

spray ionisation (ESK)) mode. Mass spectrawere registered
in full scan mode (mass range/’z 165—-720). The follow-

ing optimised parameters were applied: Capillary voltage,
3kV; sample cone voltage, alternating 20/40 V; desolvation
temperature, 325C; source temperature, 12GQ; nitrogen
cone, desolvation and nebuliser gas flows, 20, 400 L/h and
maximum, respectively. Quantitative analysis was performed

ering the tip of a Pasteur pipette, and the resulting solution employing extracted mass chromatograms from full scan

was filtered through a Microcon YM-3 centrifugal filter (Mil-
lipore, Billerica, MA, USA) at 14 000 rpm. Approximately
100p.L of the final extract were transferred to an autoinjector
vial, weighed and 2 ng recovery standard (BTPA, Eade 1,
20pL ofa0.1 ng{LL solutionin methanol) were added before

recording using the cone voltages and mass to charge val-
ues (/z, typical mass tolerance of 0.06 u) givenTiable 1
for the different analytes.

2.5. Detection limits, linear range and recoveries

HPLC/MS analysis. For each species, calibration standards

were dissolved in an unspiked liver extract, which proved to
contain only minor amounts of the relevant PFAS.

2.3. lon pair extraction for method comparison

For method comparison, a modification of the ion pair
extraction (IPE) method originally developed by Ylinen et
al.[14] and later adapted by Hansen et[&b] was applied.

In short, to 0.5g of homogenous liver sample 10ng 7H-
PFHpA, 2mL water, 2mL buffer (0.25M NaHCOplus
0.25M N&CO;s in water) and 1 mL TBA solution (0.5M
tetran-butylammonium hydrogensulfate in water, adjusted
to pH 10 with 2 M NaOH in water) were added. Extraction
was performed twice with 5 mtert-butyl methyl ether by

shaking for 15min on a wrist-action-shaker, and the com-

The instrumental limit of detection (LOD, based on a
signal-to-noise ratio of three) and the linear range of the
mass spectrometer were determined by triplicate injections
of a dilution series (2Q.L injections of each concentration)
of all analytes in methanol/water (50:50; 2 mM NBIAC)
with concentrations ranging from below LOD to 10 pg/
(eight measuring points). The method detection limit (MDL)
was defined as the higher value of the following two alter-
natives: (1) Average blank signal plus three standard devia-
tions of a series of five blind extractions frawhexadecane
(surrogate matrix) on five different days of the validation
experiments; (2) signal-to-noise ratio of three in the chro-
matogram of a sample extract from spiked liver (the selected
liver did not contain detectable amounts of PFAS and was
fortified with all analytes close to the MDL). For recovery

bined extracts (10mL) were evaporated to dryness. Thedetermination, all analytes including the internal standard
residues were suspended in 2mL methanol/water (50:50;7H-PFHpA were spiked into-hexadecane or low contami-

2mM NHzOAc) and 5ng BTPA were added. Finally, the
extract was filtered through a Microcon YM-3 centrifugal

nated liver samples (spiking levels 50 ng/g). After extraction,
PFAS recoveries were determined relatively to the recov-

filter. Calibration standards were dissolved in an unspiked ery standard BTPA. External calibration standards were dis-

glaucous gull liver extract.

2.4. HPLC/MS analysis

solved in methanol/water (50:50; 2mM NBAc) for the
n-hexadecane experiments, orin the respective unspiked liver
extracts for the experiments with spiked liver samples. This
was done in order to determine recoveries independent of

A 1100 series low-pressure quaternary gradient pump andmatrix effects.

auto-injector (Agilent Technologies, Palo Alto, CA, USA)

were coupled to a time-of-flight (TOF) mass spectrometer 2.6. Matrix effects

(LCT, Micromass, Manchester, England). The mobile phase
solvents for chromatography were degassed with a gentle

flow of helium. A sample volume of 2L was injected into
a Gg reversed phase column (Ace 3 C18u18 particles,
100A pore size, 150 mmlength, 2.1 mmi.d., Advanced Chro-

For determination of matrix effects on ionisation, equal
concentrations of standard solutions were prepared in
unspiked liver extract and in pure methanol/water (50:50;
2mM NH40Ac). The solutions were analysed consecutively

matography Technologies, Aberdeen, Scotland). The targetand the absolute signal areas in the two chromatograms were

compounds were separated at a flow rate of@20@nin using

2 mM NHOAc in both methanol (A) and water (B). The fol-
lowing binary gradient was applied: 0 min, 50% A; 0-5 min,
linear gradientto 85% A; 5-10 min, 85% A; 10-10.5 min, lin-

compared. The matrix effect of a given liver matrix on a given
analyte was quantified as the ratio of these areas, i.e. a matrix
effect >1 represents signal enhancement, and a value <1 rep-
resents signal suppression by co-eluting matrix compounds.
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2.7. Determination of precision and accuracy T & 004 couns

TIC m/z165-720
The precision of the screening method was evaluated by

determining its repeatability and reproducibility. For repeata-

bility testing, three aliquots of a glaucous gull liver sample

(GG1 a—c) were extracted and analysed. Reproducibility was

tested with another glaucous gull liver sample (GG2). Three £ ]|

aliquots were analysed on different days over a period of nine 2 213/) 109 600 counts

months, which included freezing and thawing of the sample g ‘ PFOS

homogenate between the different extractions. Since no certi- £ k

fied reference material exists yet for PFAS analysis, accuracy E

was only estimated by comparing the screening method tothe |

IPE method.
© PFOS 120 counts
m/z 498.93

3. Results and discussion

3.1. Internal and recovery standard o . )

7 I 9I I lll ' 1I3 It [min]I

The lack of pure calibration standards (free from iso-
mers and homologues) and well-suited, isotopically labelled Fig. 1. Extracted chromatograms from full scar'{ 165-720) TOF-MS
internal standards for PFAS analysis has been discussed iminalysis of a black guillemot liver extract demonstrating the specificity
literature[17]. The selection of internal and recovery stan- of high mass resolution. (A) Total ion current (TIC) chromatogram; (B)
dard is crucial for reliable quantification using the internal extracted mass chromatogrammiz 499 (PFOS, mass tolerané®.5 u; the
standard method. The only isotopically labelled PFAS, which shown range qf 600 counts c‘orr.esponds to 3% of the full abundance range

. . . . for the base signal at 12.1 min); and (C) extracted mass chromatogram at
were commercially available at the time of this study, were m/z498.93 (mass tolerance0.03 u). The PFOS isomers were quantified to
[M + 2] compounds, i.e. their masses are only 2 u larger than 2gng/g in the liver.
the native compounds. The screening method was tested
using 13C,-PFOA or 7H-PFHpA as internal standard and covered three orders of magnitude from the LOD upwards
2H,2H-dihydro-PFDcA or BTPA as recovery standard. These (results for selected compounds previously shfigj).
four compounds were not expected to be present in samples.
13C,-PFOA might be a good surrogate for perfluorinated 3.3. Specificity of LC/TOF-MS
acids, especially for PFOA. However, it was not suited as
internal standard for the following reasons. Perfluorinated ~ The high mass resolution of the TOF-MS instrument
acids are most sensitively analysed by TOF-MS using the (5000 FWHM) offers excellent specificity for unequivocal
ion [M — CO,—H]~. Due to loss of3CO,, [M — CO—H]~ compound identification after a crude sample clean-up.
of 13C,-PFOA (z 370) has only 1 u mass difference to the This is illustrated inFig. 1 with extracted chromatograms
corresponding ion of native PFOAN(z 369). Signal over-  from LC/TOF full scan MS analysis of a black guillemot
lap in the mass chromatograms of both these masses wadver extract. A considerable amount of matrix compounds
observed. Furthermore, tH8C,-PFOA standard contained remained in the extract, which coeluted with the PFAS in
about 10%'3C-PFHpA, which interfered with the quantifi- LC separation (see TIC chromatogranmfiig. 1A). Fig. 1B
cation of native PFHpA. Botht3C,-PFOA (retention time ~ shows the extracted mass chromatogram for PF@& (
10.9 min) and B1,2H-dihydro-PFDcA (12.0 min) eluted from ~ 498.5-499.5) the way it would be expected for single MS
the HPLC column in the time window where most matrix analysis with a low-resolution (unit resolution) instrument.
effects were observed. Therefore, their signal abundance varOnly the extracted high-resolution mass chromatogram
ied strongly between liver extracts from different species. (Fig. 1C; m/z 498.90-498.96) resolves the PFOS isomer
The earlier eluting 7H-PFHpA (retention time 7.0 min) and signals from virtually all matrix compounds. Tandem mass
BTPA (9.0 min) were much less influenced by matrix effects Spectrometry shows excellent specificity as well, but has the
and chosen as internal and recovery standard, respectively. drawback that the matrix background is eliminated by the

instrument, thus it cannot be visualised. Applying TOF-MS
3.2. Instrumental detection limits and linearity gives an estimation of the amount of matrix left in the
extract, which could impair the ionisation performance.

The instrumental limits of detection of LC/TOF-MS are
given in Table 2 They were in the fg to low pg range for 3.4. Recoveries
all analytes. These LODs are approximately factor 10 lower
than in LC/MS—-MS (triple quadrupole instrumefitp]. The Recoveries for all compounds spiked mehexadecane
linearrange ofthe TOF-MS instrument for the PFAS typically at a spiking level of 50ng/g are listed ifable 2 Most
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Table 2
Validation parameters for the selected PFAS: instrumental limit of detection (LOD); recovery from spiie@decane; method detection limit (MDL),
recovery from spiked liver samples and matrix effect in spiked extracts for polar cod liver and glaucous gull liver

Compound LOD (pg Recovery from  Polar cod liver Glaucous gull liver Northern fulmar liver
injected) hexadecane (%) - - )
MDL Recovery Matrix effect MDL Recovery Matrix effect Matrix effect
(ng/g ww) (%) in ionisatio®  (ng/g ww) (%) in ionisatior?  in ionisatior?
PFBS 0.5 114 a6 109 2.13 a8 93 2.44 1.06
PFHXS 0.2 99 M4 89 1.96 w6 76 1.43 0.82
PFOS 0.3 70 @3 79 1.68 @30 90 0.11 1.26
PFDcS 0.5 28 >15 n.g. 0.05 >15 ng.c 0.00 0.67
PFHxXA 2 99 022 83 1.56 ®2 87 2.07 1.03
PFHpA 1 102 o4 84 2.58 ®6 82 2.31 0.98
PFOA 1 73 125 84 0.31 8 8% 0.17 0.85
PFENA 1 61 024 67 2.15 100 51 0.50 1.08
PFDcA 2 51 032 86 1.41 30 46 0.19 0.95
PFUNA 3 28 075 175 0.30 >15 n.° 0.01 0.92
PFDoA 5 13 >15 n.g. 0.00 >15 ng.° 0.00 0.62
PFTeA 8 2 >15 n.g. 0.00 >15 ng.° 0.00 0.05
TH-PFOS 5 107 210 104 1.33 o0 110 0.74 1.22
PFOSA 0.5 49 59 27 0.05 B0 9 0.08 0.71
7H-PFHpA 5 112 n.d. 98 217 n.d! 79 251 1.23

For comparison, also the matrix effect in northern fulmar liver extracts is given. For definitions and experimental details see text. Two pactithelsextere
performed for all recovery experiments and the average value is given.

2 Signal area of PFAS standard diluted in liver extract relative to signal area of the standard diluted in LC mobile phase. Values >1 and <1 refxesent matr
induced signal enhancement and suppression, respectively.

b Single determination, the second parallel could not be quantified due to disturbance in the chromatogram (low signal abundance due to strong matri;
suppression).

¢ No quantification possible due to low signal abundance.

d Not determined.

values were between 60% and 115%. The internal stan-3.5. Matrix effects
dard 7H-PFHpA, TH-PFOS and short chain PFAS were
quantitatively recovered, while the recovery rates decreased Matrix effects in LC/TOF-MS were observed as effects
with increasing chain length for both the sulfonates and the on signal intensity (ionisation efficiency) of the PFAS in
acids. PFDcS, PFDcA to PFTeA and the non-ionic PFOSA ESI(—). Neither retention times nor signal shapes in LC were
had recoveries below 60%, probably due to poor solubility influenced by the presence of liver matrix in the extract. The
in the extraction solvent mixture of methanol and water. matrix effectonionisation was quantified as described in Sec-
Recovery experiments from spiked (50 ng/g) polar cod liver tion 2.6. Results for liver matrix of polar cod, glaucous gull
and glaucous gull liver were performed in duplicates and and northern fulmarRulmarus glacialis for comparison)
the average recovery rates are givenTable 2 In most are summarised iffable 2 Large species-specific differ-
cases, the parallel determinations did not deviate more thanences were observed. The matrix residues of northern fulmar
10%. With the exception of lower recoveries for PFOSA, the liver had only a minor effect on ionisation efficiencies, with
values found for spiked liver were comparable to the values exception of strong suppression of PFTeA. In polar cod and
from spikedn-hexadecane, i.e. the matrix did not have a glaucous gull liver extracts signal enhancement of up to a
strong influence on extraction anehexadecane was a good factor 2.6 was observed for the smaller compounds, com-
matrix surrogate for blank experiments. The only peculiarity pared to pure solvent solutions of the PFAS. lonisation of
was that the recoveries of PFHXA to PFDcA from polar PFOSA and the long chain sulfonates and acids, however,
cod liver did not seem to decrease with increasing chain was strongly suppressed by the presence of matrix residues
length. from the same species. These data emphasis the necessity
A weakness of recovery determination in the screening of using external calibration standards dissolved in authen-
method is that it is based on the ratio of the weight of the tic sample extracts for proper quantification, especially in
final extract to the total weight of the extraction solvent with connection with a crude sample clean-up and a vulnerable
the assumption that no solvent evaporation occurs duringionisation technique such as ESI.
extraction and filtration. This might lead to overestimation
of recoveries due to evaporation loss. On the other hand,3.6. Blank values and method detection limits
samples with considerable water content would add to the

total solvent volume and result in underestimation of recov-  For most analytes the MDL was governed by recovery,
ery rates. matrix effects, instrumental LOD and chromatographic noise,
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rather than laboratory blank values. However, laboratory con- analysis of PFHxS, PFNA and PFDcA showed RSD of 21%
tamination by PFOS, PFHxXA, PFOA, TH-PFOS and PFOSA or less. Similar variations were found in the reproducibility
was present. Blank values were the limiting factor for the experiment (GG2 day—z RSD 10-39%). This indicates that
MDL of PFOS, PFHxA and PFOA in polar cod liver as well  the deviations are rather due to method uncertainty than due
as PFHxA in glaucous gull liver. Typical MDL for all analytes  to day-to-day variations.
are given inTable 2 They varied slightly between indi-
vidual samples, however, the variation between livers from 3.8. Accuracy/comparison with IPE method
different species was much more pronounced. For most com-
pounds (except PFOSA and long chain PFAS) the MDLwas  Due to the lack of certified reference material for PFAS
in the range 0.04-1.3ng/g wet weight. These values com-analysis, accuracy testing was limited to comparison of val-
pare favourably with literature values, being about one order yes obtained with the screening method and the IPE method.
of magnitude lower than the MDL (or quantification limits)  The results are summarisediiable 3 The mean concentra-
reported in the years 2001-20[385,8,9,15[for the method  tions for GG1 found in repeatability testing with the screening
described ii15]. Newer publications (2004—2005) using this method are compared to mean levels @) found applying
method6,7,11-13chieved values, which correspondtothe the IPE method. As described in Secti®nthe two meth-
values for the here described screening method. ods are different in extraction and clean up. Even though

Due to the uncertainties in recovery calculation (see Sec- matrix-matched calibration standards are not usually used
tion 3.4), it is not advisable to correct quantified PFAS levels in combination with the IPE method, this was done here to
for recovery difference between the analyte and the internal provide better comparability with the screening method. The
standard. Thus, levels of compounds with lower recoveries mean concentrations of PFAS in GG1 found applying the
than the internal standard (i.e. PFOSA, PFDcS and PFDcA screening method compared very well with the mean values
to PFTeA) are underestimated and can therefore be lowerfor the IPE methodTable 3. The biggest discrepancy was
than the MDL. Furthermore, these were basically the samefound for PFHxS, which was the lowest concentrated of all
compounds that suffered from strong matrix suppression (seedetected PFAS. However, it has to be kept in mind that this
Table 9, which additionally increased their MDL. If at all  excellent agreement between the two methods is based on
detected, these compounds could only be analysed qualitacomparison of mean values of three repeated analyses and
tively with the screening method. application of the same instrumental method and quantifica-

tion approach.
3.7. Precision
3.9. Advantages and limitations of the screening method

The results of the repeatability and reproducibility exper-
iments are given inmable 3 Single determinations in the The screening method was successfully applied to liver
repeatability study (GG1 a—c) varied with up to factor 2 for samples of 12 different species (fish, birds and marine mam-
PFOS and PFHXxA, resulting in relative standard deviations mals). As an illustration, extracted mass chromatograms of
(RSD) of 35% and 34%, respectivelp£3). The repeated the glaucous gull liver sample GG2 are shownFig. 2

Table 3
Repeatability, reproducibility and accuracy data for the screening method using two different glaucous gull liver samples (GG1 and GG2)
PFHxS PFOS PFDcS PFHxA PFOA  PFNA PFDcA PFUNA PFDoA PFOSA
Repeatability
GGla 013 225 <15 QL7 <128 474 943 <15 <15 <15
GG1b 017 214 <15 9 <128 578 694 <15 <15 <15
GGlc 013 109 <15 a8 <128 402 647 <15 <15 <15
Reproducibility
GG2 day x 035 117 <15 @4 <128 247 227 <15 <15 <15
GG2 dayy 023 119 <15 a4 <128 132 <340 <15 <15 <15
GG2 day z B4 140 <15 B2 <128 214 265 <15 <15 <15
Accuracy
GG1 mean (RSD)  0.14(16) 183 (35) <15 Qa5 (34) <128 485 (18) 761 (21) <15 <15 <15
screening method
GG1 mean (RS) 0.19 (5) 182 (11) ®5(9) <067 <134 510 (10) 804 (6) 140 (4) 274(8) <Q67°
IPE method

All values are given in ng/g ww. The triplicate repetitions for GG1 (a—c) were performed as parallels, while the repeated extractions of GG2 were done o
different days covering a period of nine months. For accuracy estimation, mean values for GG1 obtained by the screening method and the iofopair extract
(IPE) method were compared.

2 Mean value and relative standard deviation (%) of three replicates.

b Method detection limit defined as three times blind value (single determination) for the IPE method.
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(A) PFHxS

m/z 398.94
124 counts

(B) PFOS

m/z 498.93
1480 counts

©) PFHxA

m/z 268.98
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Fig. 2. Extracted mass chromatograms (mass tolerance 0.06 u) from full
scan (Wz 165-720) TOF-MS analysis of a glaucous gull liver extract (GG2
dayx, seeTable 3. Quantified concentrations are (A) PFHxS 0.35ng/g; (B)
PFOS 117 ng/g; (C) PFHXA 0.24 ng/g; (D) PFNA 2.47 ng/g; and (E) PFDcA
2.27nglg.
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despite avery quick and crude sample extraction and clean up.
Typical applications for the screening method could be large
sample series of the same matrix type, where the time and
cost efficiency are beneficial. At least one low-contaminated
sample of the same matrix type has to be available for obtain-
ing the sample extract needed for dilution of the calibration
standards. The method could also qualitatively be used to
select the most contaminated samples of a large sample set
for more comprehensive analysis. Furthermore, the screen-
ing method is a valuable alternative to verify quantitative
results and systematic errors (e.g. due to matrix effects if no
matrix-matched standards are employed) of the IPE method.
It is not beneficial for analysis of samples from many differ-
ent matrix types or when long-chain PFAS are of particular
interest. Independent of the applied method, matrix effects
are a big challenge in PFAS analysis. Although the limited
availability of suitable standards and the problems connected
to matrix residues in ESI-MS have been discussed before
[17], measures to avoid systematic errors due to these issues
are not yet routinely applied.
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