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Direct injection analysis of PFAS

Purpose: Thermo Fisher Scientific has developed an LC-MS/MS
method for the quantitation and confirmation of 52 PFAS
compounds in a single run, with Limit of Quantitation (LoQ) at 0.2

MS conditions Table 2. Calibration Range, Linearity, LoD, LoQ and MDL for

TSQ Altis Plus triple quadrupole mass spectrometer equipped all components using 500uL injection. 6:2 FTS had
with a HESI ionization probe. significant contamination 10:2 FTS used incorrect retention

Table 1. describe the optimized MS parameters used to cover all time windows and contamination

Table 4. %RSD for 5 ppt spike for all PFAS in a variety of
drinking and mineral waters. 6:2 FTS has significant
contamination

ng/L by direct injection in both drinking and non-drinking water
matrices.

Methods: A direct aqueous injection method was designed for
drinking, surface, and ground water samples using Thermo

54 component in a single run.

Table 1. Describe MS settings

Scientific™ Vanquish™ Core UHPLC system coupled to a Thermo H/ee e R SR m— 02400 e 02 L 06 Evian  Solan BarleDuc  Spz
Scientific™ TSQ Altis Plus™ triple quadrupole mass spectrometer. — oy m—— s PEPeA 01-200 0.997 01 02 o0 s A U il il
L 40am 3 resoluton: 1.2Da PFHxA 0.05- 100 0.997 0.05 01 004 Prea 1030 >0 5 128
Results: In general, large-volume injection methods are less - I R on .05 100 P 01 - PFPeA 1.01 1.35 3.77 2.38
common for PFASs compared to offline extraction methods, 200" C PEOA 0.05- 100 0es7 005 005 003 PFHXA 1.85 L3z 2.87 251
therefore we report the accuracy, repeatability, and recovery of e o © e FEEaE s BTE I BT HELpA 10 k0 18 TINESE
several months of continuous water sample analysis to PEDA 0.025- 100 0.997 0.05 0.05 0.05 Eiﬁi 1?9..2 :; :’j :ﬁ
demonstrate the robustness and accuracy . The method can meet Data analvsis PFUNDA 0.025- 100 0.996  0.025 0.05 0.05 — 137 09 105 328
the regulatory requirements, both in terms of PFAS monitored and y PFDoDA 0.025- 100 0.957  0.025 0.05 0.08 PEUR DA 2 116 3.47 317
LoQs, for all EU regulations. Thermo Scientific™ Chromeleon™ Chromatography Data System PFTrDA 0.025- 100 0996  0.025 0.05 0.07 PFDODA 3.34 2.71 4,76 2.71
software, version 7.3.2 was used for data acquisition and PFTeDA 0.045- 100 0.952 0.05 0.1 0.04 PFTFDA 446 1.95 4.45 2.33
] processing. PRH=DA 0.025- 100 0.ca 0.05 01 0 PFTeDA 6.3 1.84 5.87 5.77
Introduction PFOCDA 0.025- 100 088 01 025 025 PFHXDA 6.58 5.25 18 2413
PFBS 0.022- 88.7 0.596 0.0z2 0.044 0.05 PFOCDA 15.6 19.2 8.93 3841
Results PFPeS 0.024- 94.1 0997 0047 0094 006 PEBS 575 3.12 5.28 316
Perfluoroalkyl and Polyfluoroalkyl Substances (PFAS) are a Iarge PFHxS 0.025- 100 0,906 0.025 01 008 PEPeS 419 4.78 5 77 1.8
group of synthetic compounds containing chains of linked carbon  calibration curves from 0.025 ng/L up to 100 ng/L were prepared PFHpS 0.024-95.3 099% 0048 0095 006 PFHXS 4.23 5.6 48 295
and fluorine atoms. Exposure to PFAS has been linked with a in drinking water as describe in the previous section to obtain 9 PFOS 0.025- 100 0.997  0.025 0.05 0.07 PFHpS 5.29 5.06 5.13 3.03
variety of health effects, including altered immune and thyroid calibration levels. PFNS 0.024-96.2 0997 0024 0048 0.11 PFOS 2.82 229 2.32 6.35
function, liver disease, lipid and insulin dysregulation, kidney o S PFDS 0.025- 100 0998 005 01 o004 A s s L
disease, adverse reproductive and developmental outcomes, and Th_e Va_lldatlon of the met_hod was performed by |nje_ct!r_19 each PFUNDS 0.024- 96.8 0997 0097 0.097 0.06 giﬁsm :?‘; 5.3-; #:E ‘;’9;
cancer!. European Parliament and Council of the European Union calljlbratlon sftar?dard h3d times to assess reproducibility and IjFFFrDrcEr}I?SE gii ;Eﬂ g:: ﬂu; ﬂu; ﬂiﬁ - ngns o7 ol e -7
released a new directive that sets the limit of PFAS in drinking ~ fobustness of the method. SeECHS 095 100 e —— N PETIDS 755 5,53 847  5.39
water to 0.5 pg/L for all PFAS compounds identified, and 0.1 pg/L As described in the material and method, rack shaking was 11C1-PE30UdS  NF -NF_Max 0.996  0.005 0.1 0.04 FECHS 7.03 3.29 4.79 aogt
for a subset of PFAS compounds that are particularly concerning implemented. The use of this automated shaking is crucial to 9CI-PF3ONS 0.025- 100 0997 0025 005 006 1CI- PF30UdS 4.3 323 204 L3
for humans?. Due to rapidly evolving regulatory initiatives across maintain in solution long chain PFAS. FESA 0.025- 100 0.996  0.035 0.1 0.04 SCI-PF30NS 3.80 3.3 3.33 0.89
various regions and countries, the number of PFAS compounds _ _ _ FHXSA 0.025- 100 099 0025 005 005 FESA .33 243 0.37 3.3
that will require monitoring is expected to increase and level to be Long chain PFAS are not soluble in water and tend to stick to the FOSA 0.025- 100 0995 0025 005 003 EE‘H‘ :i ,i; 5“;3 ;];
detected in certain regulation are sub ngjL. mterf_ace between water and mgthanol. For this reason, if the N-MeFBSA 0.1- 100 0.997 01 0.5 0.36 NMoEESA e roe oo e
solution of 50/50 water methanol is not shacked, we observe peak N-EtFOSA 0.025- 100 0.995 0.05 0.25 0.21 NLESFOSA 612 15 g s
_ area decrease over the time. With rack shaking and N-Me FOSA 0.025- 100 0997  0.025 0.1 0.08 T - — = -
Materials and methods room temperature the area of the long chain PFAS is nearly back N-Me FOSE 1- 1000 0.996 1 1 078 N-MeFOSE 575 e am 39
_ to the level of the fresh solution. In Figure 3 experiments with and I e Liiss 1 e N-EtFOSE 3.93 3.79 3.81 268
Sample preparation without rack shaking and the influence of rack temperature are N-MeFOSAA  0.025- 100 oss7 0025 005 007 N-MeFOSAA 7.29 5.65 104 1146
The PFAS standards and internal standards were obtained by ~ described. Peak area decrease over the time without rack e e R N-ETFOSAA 456 .61 745 6ot
Wellington Laboratories and were prepared in UHPLC-MS  shaking as describe in figure 3. o3 FTCA 0.025- 100 0997  0.005 01 008 :;ii g'; iﬁ :;, iﬁ
methanol. The mixed stock standard solution had a concentration 7-3FTCA 0.025- 100 0.995  0.025 0.05 0.08 3 FTCA 5 06 2 g 291 15
of 10 ng/L and stored in PFAS free polypropylene (PP) containers [0 Te T2n Tan Tion [To T30 T2n T4n Ti0n [To T30 T2h Tan  Tion | NFDHA 0.025- 100 0997  0.025 0.05 0.07 NFDHA 4.15 195 2.58 2.73
at 4° C. Prior to the use or analysis, the solutions were brought to w1 [ ADONA 0.025- 100 0,997  0.025 01 003 ADONA 3.03 0.97 372 241
room temperature and shaken thoroughly. The stock standard = L s PFMPA 0.05- 100 0% 005 005 006 PFMPA 2.98 0.92 335 276
was further diluted to end with a 50:50 (vol:vol) water/methanol =2 5 ) /}Hﬁﬂ FFMBA 0.025- 100 0% 00 005 003 PFIVIBA 1.74 1.93 3.62 2.59
with 0.1% acetic acid to obtain a 10-point curve ranging from 0.25 - 1 PrEESA Does- A0 S —— - PREBA 3 - B0 L2
~ 100 ng/L. : === e ———— : | HFPO-DA 0.025- 100 0.997  0.025 005 005 HFPO-DA 2.18 1.74 4.89 2.1
e et &:2 FTS 0.094- 375 0998 0094 0094 015 &:2FTS 1.78 1.37 4.89 1.22
Drinking, surface, and ground water samples were obtained from o S ) B:2FTS Contamination 6:2FT5 >-23 >-23 5.4 25
various sources in the United States and The Netherlands and %= | | = e . Y/q/m """"""" ?j;’;& 0.096- 192 Dﬁﬁj ‘;’-‘Hﬁ 0.0% 015 ifz"—'l__?’rﬁ 13.;: 1:*2 1:*;: 2:*:
. = s side window : . . . .
were prepared as per the standard. - - R e e odipAD 5ore- 100 S E— 005 003 e 011 551 248 518
LC conditions e 6:2/8:2diPAP 0.025- 100 0.991 0.1 0.5 0.17 6:2/8:2diPAP 17.72 2.94 1263 1418
With Rack Shake: Without Rack Shake: With Rack Shake: 2-2diP AR 0.05- 100 0.968 01 1 175 1E:EdiPAP 11.75 . 14.17 17.58 3]_1:,;
PFAS are a |arge set of Components including both Iong chain Autosampler Temp 5°C Autosampler Temp 5°C Autosampler Temp 25°C —_—

and short chain analytes. To run all the 54 components in a single

run, the Vanquish HPLC has been configured as describe in figure
1 with a dedicated plumbing for the analysis of PFAS. Moreover,

User Define Program of rack shaking has been implemented in

Figure 3 Influence of rack shaking and temperature on long
chain PFAS

Table 3. % recovery of PFAS drinking and surface waters
using 500uL injection volumne

Conclusions

Large-volume injection methods are less common for PFASs
compared to offline and off-line SPE methods. We report here a

: 1 - : _ - _ o Recovery (%) direct injection method for 52 components in a single run. The
tzr;e software to improve the solubility of long chain PFAS (Figure To _ha_tve _ultlmate sensitivity and to comply Wlth all regulation in EU Compound Name  RainWater Barrel Puddle Tap Guadalupe method includes reports on accuracy, repeatability, and recovery
| an injection volume of 500 pL was used. Taking advantage of the PFBA 9335  ©07 8385 8131 10288 of several months of continuous water sample analysis to
e PFAS Delay Column: 2.1 x 50 mm, 2.6 pm Thermo Scientific™ easy plumbing and the adjustment of gradient delay volume of the PFPeA 8809 9513 9162  94.43 88 49 demonstrate the robustness and accuracy.
Accucore™ C18 column Vanquish platform we were able to achieve good peak shape for PFHxA 89.32  94.39 90.4 9167 8252 o _ _ L
. Analytical Column: 2.1 x 100 mm, 2.2 um Thermo Scientific™ all components (Figure 4). PFHpA 8837 9361 9273 9378 10066 = Method detection limits were determined using drinking water
Acclaim™ RSLC C18 Polar Advantage column PFOA 8054 9447 9561  94.99 104.4 samples and ranged from 0.025 to 100 ng/L for 52 PFAS.
« Column Temp: 40° C - | A NN NN e = |n drinking water, all calibration points exhibited good accuracy
. Mobile Phase A: H,O with 2% MeOH + 2 mM Am. Acetate + 0.1% I - — PFDA T T N 0 within +/- 20% of the expected values for all points, and R2
HOAC o] PFUnDA 87.5L 9435 140 518 1041 coefficients >0.990.
_ _ _ o] " PFDoDA 8645 9025 19182 o041 103.52
* Mobile Phase B: MeOH with 2% H,0 +2 mM Am. Acetate +0.1% - | PFTrDA 9232 9296 1141 951  104.96 = The inter batch precision and recovery for these analytes in
H_OA(_: - H | PFTe DA 839 9519 12282 9578 109.31 drinking water and surface water were within the acceptable
* Injection Volume: 500 pL ) | PFHxDA 1282 15691 1515 14588 11869 limits of 20% RSD at respectively 5 ng/L and 1 ng/L.
« Sample Temp: 25° C o jM PFOCDA 13105 14599 10809 93 47 79.55 _ _ o _
. User Defined Program ! NAL = BERS 8611 9131 8517  §2.95 37 365 = This confirmed thqt the method applicability for a routine and
o I DEpet 8075 9549 9156 G352 24 a4 more comprehensive analysis to allow an expanded scope of
o A ; PEHxS 8544 9076 266 0024 10456 PFAS testing in these different water matrices.
:j K T ; PFHpS 00,28 97.41 a3 86 91 15 091 .76
/,!'lf'_ oy SApL oop. V0N - A - == PFOS 38217 9193 8909 9212 102.97
, o - - PFNS 8157  ®881 9155 9181 93.95 References
S R T TrT TR PFDS 8424 9201 928 9424 08.32
J Figure 4 Chromatogram of 500uL injection of 20 ppt spiked PFUNDS 29 63 97.4 9553 97.55 97.96 1. Per- and Polyfluoroalkyl Substance Toxicity and Human
rainwater showing excellent peak shape for early eluting PFDoDS 75.1 B84.38 83.9 8815 922 Health Review: Current State of Knowledge and Strategies for
PFAS PFTrDS /805  BoJ6 9043 B33 H3.65 Informing Future Research. S.E. Fenton et al (2021)
PiEiis Socl o SEla Sl Seio oLl Environmental Toxicology and Chemistry,Volume 40, Number
Recently European country such as Netherland and Belgium have JICI-PFI0UGS BBO6| 95.65 5514 956 1A3E 3 606:630. 1.
Strong Soivent Loop (46.2 L) set their limit of detection in various water types < 0.2ng/L . To SCIPFSONS S S o 5 2. Directive (EU) 2020/2184 of the European parliament and of
Analytical column: Acclaim RSLC Polar Advantage, 2.1 x 100 mm, 2.2 pm rich those levels SPE is Suggested in the regulation. FBSA 8577 94 42 e 38 59.93 190.03 the council on the _ _
. 99T . . . FHXSA 8076 0463 0453 8624 35, 55 quality of water intended for human
As SPE, online and offline is expensive and time consuming, :
. . L : . FOSA 8434  B9.64 832 9139 101.83 consumption, December 2020
| users are requesting direct injection approach with high N FRSA 508 5933 s20e  a7aa 117 a8 o
o e RS throughput to be more effective in delivering result and overcome ' ' ' : 3. NEN-ISO 21675:2019 en: Water - Determination of poly- and
S e contamination. NELFOSA S - - 1026 perfluoroalkyl substances (PFAS) in water - Solid phase
. . . L . N-Me FOSA 8367 BR28 7992  B8S52 96.52 . o
:Mth thhconflguratlodn fcn)% n;Jecttrl]on vol_urqe d?stﬁrlbe we weretable N-Me FOSE m3g| 8240 mien  E7.08 100,87 extraction method an/d I|qU|g chr/7matograph|);-tanQem mass
Figure 1: The Vanquish Core UHPLC system shown here doe;fribeienr'l?a?bulgsze T TR A R :E,ifgim :ﬁﬂ z:'?: iﬂ i’iﬁ 1$§: Zgigt-rgr:r-“zegj;cfic VSID) b A RERIREE2I0
modified for large volume injections of PFAS For the purposes of this poster, LoQ is defined as both %RSD N-EEFOSAA a114 9303 871 8967 99.85 _ _
(precision) and average %bias (accuracy) based on at least 5 33 FTCA 21 76 947 8038 Q06 397 81 4. Trademarks/ Ilcensmg
[Gonera Setings | User Defined Progam | Tempertre Coir replicates, < 20%. 5:3FTCA 8511 9352 8544 g2 97.02 _ o _
R I Table 2 report Calibration range, linearity LoD (defined as peak 7-3FTCA 8774 9047 8318 9237  106.06 © 2023 Thermo Fisher Scientific Inc. All rights reserved. All
area grater then 3xblank response), LoQ and MDL. NFDHA 7532 8212 7617 8704 12544 trademarks are the property of Thermo Fisher Scientific and its
To assess the applicability of the method to various water matrix ADON A 9115 9652 9191 9644 10107 subsidiaries unless otherwise specified. This information is not
General Sefings | User Defined Program | Method Transfer  Temperature Contol such as rainwater, barrel, tap and puddle were collected and PEMPA 84 .86 919 8741 9204 86.57 intended to encourage use of these products in any manner that
8:p;.,£|v:m:lqdhd.g recovery of PFAS was calculated. Recoveries are nearly all in the PFMBA 798 B462 7998  B694 11252 might infringe the intellectual property rights of others.
——— S 70-130 % range. The exceptions, where recovery is higher than FFEESA 9465 1002 D483 354 93.83
1 UDP_RackShake.. Cycles=30, Ampitude=30, Speed-800 130%, are due to high levels of PFAS in the blank matrix Table 3. HFPO-DA 8639 5158 8718 9179 99.52
Y i R AN i To show the precision of the method replicate injection of the 5 HZFTS 9105 9284 938l 9535 1046
ng/L standard in various bland of drinking water were injected e:2FTS 4.0 8399 o183 15171 167.33
along the validation sequence. 5 replicate of 5ng/L were taken in 213 s64  SL& 857 9Lie 10818
_ _ _ _ 102 FTS 8662 9231 9401 8982 99.23
Figure 2: User Define Program automated implemented in the account. | JE— — 2o Er oo P——
software for rack shaking. In most of the cases, as shown in Table 4 RSD calculated on the 6:2/8-2diPAP 66l 10158 11114 8299 21 64
measured amount is <10%. When grater than 10% we have to e ' | ' |
B2diPAP 824 11503 17475 9594 63.67 |

mention the native component did not have appropriate isotope
analogue to be added to the method.
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https://www.nen.nl/nen-iso-21675-2019-en-264904
https://www.nen.nl/nen-iso-21675-2019-en-264904

	Slide 1

