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Maho Tanaka'!, Nozomi Maeshima', Manami Kobayashi’
(1) Shimadzu Corporation, Kanagawa, Japan

1. Introduction

€® Per- and Polyfluoroalkyl Substances (PFAS) are a chemical group of organic
fluorinated compounds, and perfluorooctane sulfonate (PFOS) and
perfluorooctanoic acid (PFOA) are representative compounds. They have been
used In applications such as water repellents, surface treatment agents, fire
extinguishers, and coatings. PFAS are known to be widely present in the
environment and wildlife due to their stable structure. Concerns about human
exposure through diet have led various countries to conduct investigations into
food contamination by PFAS.

€ \We have examined a quantitative analysis method for 43 PFAS in tap water,
drinking water, and milk, and developed a pretreatment and analysis method
that realized labor and time savings using LC-MS/MS and automatic
pretreatment equipment (Fig.1). For extraction from milk, the QUEChERS
method was used with reference to the FDA method.
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Fig. 1 Automatic pretreatment equipment : SPL-W100 (AiSTI SCIENCE)
LC-MS/MS : LCMS-8060RX (Shimadzu)

Drinking Water Milk

Tap Water ‘
Extraction process

Add 40 pL of surrogate
Add 2 mL of acetonitrile

Add 30 uL of formic acid

Shake for 10 seconds by hand
Add Supel QuE (P/N: 55295-U)

Shake for 10 seconds by hand
Shake for 5 minutes by shaker

Centrifugation at 3500 rpm for 5 minutes
Add 72 pL of surrogate Acetonitrile layer
Dilute 2 times with MeOH Dilute 4 times with Water
Automatic purification Automatic purification
Use a WAX cartridge on the SPL-W100 Use a WAX cartridge on the SPL-W100

LC-MS/MS analysis LC-MS/MS analysis

Fig. 2 Workflow of pretreatment process

2. Methods
® PFAC-MXG, PFAC-MXI|, PFAC-MXJ, PFAC30PAR and MPFAC-HIF-ES
purchased from Wellington Laboratories were used as standards and ISTDs.

€ 600 pL of tap water or drinking water from a plastic bottle was mixed with 600 uL
of methanol in a vial, then placed on the auto sampler of the SPL-W100 (AISTI
SCIENCE) (Fig. 2 and 3).

& 2 g of commercially purchased milk was weighed, and 2 mL of acetonitrile and
30 uL of formic acid were added. The sample was shaken by hand for 10
seconds, after which 1/5 of Supel QuE (P/N: 55295 U) was added, and
immediately shaken by hand for 10 seconds. After being shaken with a shaker
for 5 minutes, the milk was centrifuged at 3,500 rpm for 5 minutes. A mixture of

100 pL of an acetonitrile layer diluted 4 times with water was automatically
purified on the SPL-W100 (Fig. 2 and 3).

€ The analysis conditions for LC-MS/MS are shown in Table 1.

SPE cartridge (3 mq)

Flash-SPE (WAXs. AISTI SCIENCE)

28% aqueous ammonia / MeOH / Ultrapure water = 1:90:10 (v/v/v) 250 uL

Conditioning Formic acid / Ultrapure water = 1:1000 (v/v) 250 uL
Drinking Water / Tap water Milk
S X 200 pL samples diluted 2 times 200 pL samples diluted 4 times with water
with MeOH
W Formic acid / MeOH / Ultrapure water =1:600:400 (v/viv) 100 pL
Eluting 28% aqueous ammonia / MeOH / Ultrapure water = 1:90:10 (v/v/v) 60 yL
While mixing the eluate with 120 uL of formic acid / ultrapure water = 1:1000 (v/v)
LC-MS/MS analysis Inject the entire volume

Fig. 3 Automated concentration and solid phase purification flow

Table 1 Analysis conditions

[HPLC conditions] (Nexera™ X3) [MS conditions] (LCMS-8060RX)
Analytical Column :  Shim-pack Scepter C18-120 Interface : ESI Negative mode
(100 Mmm X 2.1 mm 1.D., 3 um) Mode: MRM
Delay Column :  Shim-pack Scepter C18-120 Interface voltage : -1 kV
(50 mm X 2.1 mm I.D., 3 ym) lon focus voltage : -1 kV
Mobile phase A : 2 mM Ammonium acetate in water Interface temp. :  300°C
/ Acetonitrile=95:5 Nebulizer gas flow : 3 L/min

Mobile phase B :  Acetonitrile
Gradient program : B conc. 20%(0-1 min) - 100%(1
min-14 min) - 20%(14.01 min-16

Drying gas flow : 10 L/min

Heating gas flow : 10 L/min

min) Heating block temp. :  500°C
Flow rate : 0.3 mL/min(0-11 min) - 0.6 DLtemp.: 200°C
mL/min(11.10 min-14 min) - 0.3 Probe position :  +2 mm

mL/min(14-16 min)
Columntemp. : 40°C

*The added concentrations of NMeFOSE and NEtFOSE were 0.004, 0.01 and 0.04 ug/kg.
3 Res u Its *The added concentration of 5:3 FTCA and 7:3 FTCA were 0.002, 0.005 and 0.02 pg/kg. Splke conc.0.0004 Ug/kg
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&® Fig. 4 shows the MS chromatograms for simultaneous analysis of 43 PFAS 2%
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All compounds eluted within 11 minutes, indicating good separation. g 300 5.0

€ In water, good calibration curves can be obtained in the range of 0.0004 to 0.01 000 Spike conc.0.001 ugrkg 50
ug/kg for 4 components (PFOA, PFENA, PFHxS, PFOS) and 0.001 to 0.1 yg/kg for  Siso 200
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4 components (PFOA, PFENA, PFHxS, PFOS) and 0.05 to 1 pg/kg for all other Spike conc.0.004 ug/kg
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compounds. % 0 200
€ In water, the recovery tests were conducted at concentrations of 0.0004, 0.004, and ‘§100_0 15°§
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concentrations of 001, 01, and 1 IJg/kg, and for all other COmpOundS at the Splked Fig- 6 Recovery rate and repeatabi”ty (n:3) of PFAS in tap and drinking_water
concentrations of 0.1 and 1 ug/kg. Table 3 and fig. 7 shows the criteria in milk by

AOAC SMPR and recovery rate and reproducibility in milk obtained from actual ~ 1able 3 The criteria value in milk by AOAC SMPR and recovery rate in milk

analysis The criteria of milk Recovery rate of PFAS in milk
(x1 00,000) LOQ Recovery Repeatability Conc. Recovery Repeatability
Water compound —;,g/kg) (%) (%) compound 1g/kg) (%) (%)
: “ PFOS =0.01 65-135 =25 PFOS 0.01 103.7 5.8
1.0;—‘—;\ —%A%/\ PFOA =0.01 65-135 =25 PFOA 0.01 103.3 9.9
0 5; PFENA =0.01 65-135 =25 PFENA 0.01 95.7 6.1
' /\ H PFHxS =0.01 65-135 =25 PFHxS 0.01 100.3 8.4
OO* , T T , i B R e B , — — T PFBA and PFPeA =1.0 - - PFBA 0.1 98 1.0
_ ( 10000) 4.0 100 min Other PFAS =0.1 - - PFPeA 0.1 101.6 1.7
Milk 501 Other PFAS 0.1 79.4-113.1 <8.2
\/JL,\ AN /\ /\ ) HA ‘ *The added concentrations of NMeFOSE and NEtFOSE were 0.1, 1.0 and 10 ug/kg. _
2.5 ‘ 0 "The added concentration of 5:3 FTCA and 7:3 FTCA were 0.05, 0.5 and 5 pg/kg. Spike conc.0.01 pg/kg ,
é JANEAN %::’ 1?}8 b s
0.0- T T 1 ] T T T T T T T T ] I R B —_""— g0 S
_ 2.0 3.0 4.0 5.0 60 70 80 9.0 10.0 min g 60 10 2,
Fig. 4 MS chromatograms of samples splked with 43 PFAS compounds S « s
- 0 A - 0
Water worwe PFOA e PENA e PFHXS e PFOS . Spike conc.0.1 pglkg
EPF0308761107 oot " -y = 0.2521430x + 0.02645770 0.6 oY = 0.06806081x + 0.003666632 0.6y = 006214310x+0._005599816 g 120.0
o.s:yR2 00992345 R - 0.9996170 2.0552 0F9t99[;1i64ltFE 09)3997432 :52 OF9t9E92f28It (FLa 0?98960 0 Ez OF9t97[>21f85|t (Tir_megg%w% @ 100.0 15.0 9
| Gimsinos e, | Wethong Sebut A5 05 JWaghing Deful (1A' Weighing Derul (/A% ® 800 0o o
oo 152 04° 0-4; < 60.0 %
0.0004 ~ o 105 03 02 3 40.0 i co X
001 “g/kg O'SE o,zé 0.2§ = 288 : 0.0
= _ 013 012 o Spike conc.1 ug/kg .
o A L B T = 1200
Milk a Raztéo? 1065144x + 0.004493365 : 4Z—§I§FN£\049163 +0.0283958T1 a :{ZUEFH1SSS6969 + 0.005599767 : aEFO? 109970x + 0.007759445 q:>; 288 I \ \ \ \ \ \ I \ I \ \ \ \ ‘ \ \ I \ \ | | I I \ | I | | I \ | \ \ I I \ | I | \ I I 10.0 2)
1(T:Ezrv 0F9t97D66f87|t (T 0?988336 N EZN OF9t99|363;‘13|t (T 0?998156 14 CZN O|:9t97[)2(:c73|t (IE 05)9986027 10- CZNO ?25[6)8?4 ) IZ_ 09)978404 § 40.0 50 X
G B TR  eging Deut (A A eghing beut (/A" edhung PeRuL O g 200
: 2 103 E 0-0 00
0.005 ~ 6 5 8 6- & R %V I F XS & P O $°’ LLOLELLLLF QV UL TS, v & ST T (T (T L ® NG
: 20 : : & K <<<\ Q?\ <<\> PR ,\e Q<< <§2 <g~ Qz\ L vf”(( A< qj< ,)/<< RN O 4 o FLELLEEEE <</<<, @ Q @
1 ug/kg z 1; j 4 & Q & Q SAMINAGITAGES Qg; ii: & Q<<$ &%@Q&g N ¢ NN :)’b ;\% &K v‘f‘
O: 5 2— 2_ _ M recovery rate ¢ %RSD
St P TR T T TR A T T T Fig. 7 Recovery rate and repeatability (n=3) of PFAS in milk
Calibration curves :
Fia. 5 M | o 4. Conclusion
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€ LC-MS/MS methods were developed to analyze 43 PFAS in 11 minutes using
Table 2 EPA criteria in drinking-water and recovery rate in tap and drinking-water automatic pretreatment, saving time and labor.
The Criteria of drinking-water Recovery rate of PFAS in tap water and drinking water € \We conducted recovery tests by adding samples to tap water, drinking water,
LO 0 13 0 . : . : :
Compound  -°N¢. Recovery (%) Repeatability (%) and milk, and achieved the LOQ set by EPA regulations and AOAC criteria for
= =0 004 (Mg/L) tap Drinking water tap Drinking water I g
SEOA 0004 PFOS 0.0004 93.1 98.3 18.8 16.4 all compounds.
PENA <0.01 PFOA 0.0004 85.0 94.6 18.0 17.7 € The quantitative values of the four main components in tap water were PFOA
s PENA 0.0004 83.8 113.6 15.2 7 0.00109 upg/kg, PFNA 0.00044 pg/kg, PFHxS 0.0004 pg/kg and PFOS
: =0. PFHxS 0.0004 119.4 97.0 10.0 14.1 . T o
HEPO-DA 0.001 110.4 108.6 15 6 17 0.00063 pg/kg. PFAS was not detected above the detection limit in drinking
Other PFAS <0.004 92.3-131.9 91.8-138.1 =144 <13.3 water and milk.

Disclaimer: The products and applications in this presentation are intended for Research Use Only (RUO). Not for use in diagnostic procedures.
Nexera and Shim-pack Scepter are trademarks of Shimadzu Corporation or its affiliated companies in Japan and/or other countries.



