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i _ o Table 1. Recovery rate of PFAS using InertSep MA-2 or WAX
I;I o Inl(tjrpo|dﬂu Ctl|ko|ns . A e i - f i f | Carrot (frozen-ground) 10 g Load Extraction solution containing PFAS SPE cartridge InertSep MA-2 (GL Sciences Inc.) otont - . Recovery rate (%)
ﬂueg—rinaar:ed cc);g/muoroa vyl Substances ( ) is the collective name for a c emical group of organic /Acetomtrlle 10 mL | Elute test for washing and elution (150 mg/6 mL) | or EVOLUTE EXPRESS WAX (Biotage) etention Conc. ina nertSep MA-2 VWAX
pounds, perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA) are Shaken for 1 minute Compound time in carrot conc.

i - 5 mL of methanol/water=0:100(v/v) v . After After Before After After Before
representative compounds of PFAS. They have been used water repellents, surface treatment agents, fire — Sodium chloride 1 g = mL of met rwater=10:90(v/ . | | L (min) (ng/g) (ng/mL) surification extraction extraction purification extraction extraction
extinguishers, and coatings. PFAS are persistent and bioaccumulative in the environment because of their Trisodium citrate dihvdrate 1 mL of methanol/water=10:90(v/v) Conditionin 5 mL of 28% ammonia solution/methanol=1:100(v/v) ~

. . : A / y g SPE 5 mL of methano /Water=20;80(v/v) g 5 mL of formic acid/water=1 Z1000(V/V) PFBA 1.38 2.0 0.8 93.3 105.1 100.2 89.7 106.5 106.3
stable structure and known that they are present in a wide range of environmental water and wildlife. Due to Disodium hvdroaen citrate 1 5-hvdrate 0.5
concerns about human exposure through diet, studies on the status of food contamination by PFAS are /Shaken viggrougly with hand fory10 seco.nd% Cartridge & ml of met j {or=80:20(v/ v E;E)e(ﬁ ggg (1)2 8; 8(7)57) 1822 1832 833 183? 1882
being condu.cted N vqrious countries. _We have examined a quantitative analysis method for forty PFAS Magnesium sulfate (anhydrous) 4 g - QL gf mgtzgzg /xgtg;%:mg/z; | 0ad 10 mL of extract solution (equivalent to 2 g of carrot) S 3.92 0.5 0.2 101.0 107.8 96.9 93.4 105.0 106_4
compounds in foods with two SPE cartridges. -a . ' 7 P ' ' ' ' ' ' ' ' '
Shaken for 1 minute . 5 mL of methanol/water=100:0(v/v) PFOA 4.40 0.5 0.2 86.0 99.7 88.6 84.2 103.1 88.5
% Centrifugation at 4,000 rpm for 5 minutes 5 mL of water PENA 4 84 05 0.2 03 7 103.3 102.5 07 6 108.7 104.6
2. Methods and Results Acetonitrile layer LC-MS | Each fraction was analyzed individually 5 mL of formic acid/methanol/water=1:400:600(v/v/v) PEDA 525 05 0.2 975 944 984 87.2 956 998
2-1. Material, sample, and equipment l Diluting with water to 5 times Figure 2. The purification process v PFUNA 5.65 0.5 0.2 37.4 95.0 92.1 81.5 91.3 92.2
Standard compounc_ls were purchased frqm Wellingtop.Lallaoratories. Carrot was purchased from a grocery Extract solution Total of 12 fractions, including the through fraction, were Elute 5 mL of 28% ammonia solution/methanol/water=1:90/10(v/v/v) °FDoA 6.05 0.5 0.2 95.9 101.1 102.1 89.1 96.3 99.0
store and homogenized using a freeze grinder. Quantification was performed using fully polypropylene low- _ _ collected and individually analyzed to quantify PFAS v PFTrDA 6.43 0.5 0.2 32.3 33.5 39.4 79.2 32.5 37.3
binding vials TORAST™-H Bio Vial (Shimadzu GLC Ltd.) with a triple quadrupole mass spectrometer Figure 1. The extraction process concentration present in each fraction. | Add 1 uL of formic acid to the eluate of 200 uL PFTeDA 6.81 0.5 0.2 88.2 89.8 91.9 85.9 95.7 94.9
LCMS-8050 equipped with Nexera™ X3 UHPLC (Shimadzu). The system configuration is shown below. To ' jnenisep neutral condition LC-MSanalysis | | oot 1 UL of the resulting mixture PFBS 3.39 0.5 0.2 100.5 94.0 1037 1045 1056  105.9
prevent contamination from an equipment, a delay column was added between a mixer and an autosampler. o0 Concentration of methandl (%) _ PFPeS 4 04 05 0.2 08 1 08 .1 104 .7 06.3 06.9 017
ratli 0 i
o through  m 0 . 10 I I I Figure 4. The purification process PFHxS 4.56 0.5 0.2 100.7 88.7 92.1 85.4 98.5 86.4
<Nexera X3 system> m 20 m 30 m 40 PFHpS 5.03 0.5 0.2 92.3 104.6 100.9 97.1 105.9 102.8
Column . Shim-pack Scepter™ C18-120 (100 mm x 2.0 mm I.D., 1.9 ym) 40 50 60 m70 2-5. Recovery rate test DEOS 5 45 05 0.2 89 8 86.2 889 759 80 4 08.8
Delay column - Shim-pack GIST C18 (3.0 mm x 50 mm I.D., 5 ym, HSS) g 20 =30 =90 m 100 To confirm the matrix effects, the elugte obtained carrot extre_zc?t purification was anal.y_zed. after.a.dding SENS 5 Q7 05 0.2 95 6 97 7 95 6 94 9 96.2 98 7
Mobile phase A . Acetonitrile/water=5:95(v/v) containing 2 mmol/L Ammonium acetate - 0 = — — — - - standard compounds (1 ng of PFOS in 5 mL of eluate). Additionally, to evaluate purification efficiency, o
2 InetS di dit _ ) ) , FDS 6.27 0.5 0.2 87.4 101.0 95.0 83.1 92.1 97.6
Mobile phase B : Acetonitrile 3100 —n==eR, 4Gt CONTHON - — —y— standard compounds were added to the solution obtained from carrot extraction (1 ng of PFOS in 10 mL 5 o 7 04 05 02 36.6 94 1 92 8 92 9 916 94 8
Rinse - Methanol/water=50:50(v/v) e 80 B . I extraction 5-fold diluted with water), and the purified eluent was analyzed. Furthermore, to quantify the total  , ,-—q 3' 11 2'0 0.8 78.0 93'5 92'9 81 .6 99.6 99'1
Flow rate : 0.4 mL/min S 60 loss in extraction step and purification step, ground carrot with added standard compounds (5 ng of PFOS in : ' ' ' ' ' ' ' ' '
Ti ' B 20% (0 mi 100% (10-12 mi 20% (12.01-15 mi s I 10 g of carrot) were extracted, and the eluent was analyzed with LC-MS 0:2F TS 4.20 2.0 0.8 86.5 103.3 93.9 93.8 101.9 J2.3
me program B conc. 20% (0 min) — 100% (10-12 min) = 20% (12.01-15 min) - o 40 g ’ as analy | - _ 82FTS 505 20 0.8 857 929 919 843 900 977
The flow was introduced into the mass spectrometer between 0.1 to 9.6 min using a T 20 \ I/ ™~ The recovery rates were calculated by comparing the peak areas of standard solutions, without correction PEOSA 2 53 0.5 0.2 95 0 90 5 08 5 91 3 93 5 100.0
flow switching valve. > - - H 2 _\ P by surrogate compounds. The results of recovery rate and Final concentration in vial before addition of NMeFOSA 8.76 0'5 0'2 91'2 99.8 92'1 86.3 94.6 104.6
Column temobp. - 40 °C Iniection vol. -1 ul = InertSep. alkaline conditions formic acid are shown in table 1, and MS chromatograms are shown in figure 5. We obtained good recovery © ' ' ' ' ' ' ' ' '
P J H 5100 | s _ R 5 NEtFOSA 9.13 0.5 0.2 920  102.8  100.3 90.9 92.1 106.3
e o I . I . I ) e N I m r\‘\-/ _| rate of within 70% to 120% for both cartridges. When injecting 5 pL, 6:2FTS exhibited higher concentration | | | | | | | | |
<LCMS-8050> = 50 A \ I \ s B I I N\ N N V - \ I I than that of theoretically expected due to matrix effect. However, reducing the injection volume suppressed NMeFOSAA 0.27 0.5 0.2 84.6 109.3 101.8 97.9 93.8 98.4
lonization . ESI, Negative mode DL temp. : 200 °C AE N R matrix effect, suggesting a good recovery rates for all compounds. NEtFOSAA 0.45 0.5 0.2 104.5 1.4 79.0 90.6 99.9 114.0
Interface temp. - 200 °C Heat block temp. - 300 °C 40 \\ I 2 ) NMeFOSE 860 50 20 014 942 959 852 887  99.3
: _ : : : _ : 20 (x 100,000) (x 100,000)
Nebulizer gas . 3 L/min leating gas . 10 L/min , I I 1. . ; I T .\ ) l 18 I 18! i I o InertSep MA-2, blank WAX _ blank NEtFOSE 8.98 5.0 2.0 03.8 04.8 99.0 87.7 89.2 08.9
Drying gas : 10 L/min Probe position . +2 mm 5 | HFPO-DA 3.56 2.0 0.8 87.8 99.3 98.0 85.1 99.6 103.5
CLCLCLCLLLLLSLI<LS<NDNDNDNDNNDNNDNNNICLCLLILT LWL LSLSNNLCILIL L <L o] —— 20—
DPRXLOZOS58Q0dDOXEO0ZAQFFHAADLLHNOZZ23000N0dT : — : — ADONA 4.10 2.0 0.8 90.9 100.1 98.9 93.2 99.9 95.5
2-2. Extraction chbrooafalpobitanafYYYrELoogeg é POLLLWEEL w B w0 e 9CI-PF30NS 576 2.0 08 95.0  100.2 97.8 957 1001  101.1
Extraction was performed using a pre-processing method, taking reference from the QUEChERS method. It o ; = 2 g % - R 1ol T 00! T 11CI-PF30UdS 6.57 2.0 0.8 02.8 97.4 96.0 903.3 96.1 100.1
is a simple protocol that does not require glassware, and centrifugation is required only once. The Z S 5 0 o 2 30 40 50 80 70 80 90  mn 1X3000002.o a0 40 s0o 60 70 s0 90 mn  3:3FTCA 1.87 2.5 1.0 84.7 86.4 84.6 85.2 80.8 89.9
procedure is shown in figure 1. 100 WAX, neutral condition _ - 0 InertSep MA-2, before extraction WAX , before extraction 5753 ngﬁ j-gg gg 2-8 2;-3 182-; gg-g gg-g 82-8 gg-;
_ - I b ) /\ \ O . : . : : . : : .
2-3. Development of purification process i onaentration of methana’ (%) I I I i g ol ), PFEESA 370 1.0 0.4 91.5 97.7 95.1 91.2 96.8  101.0
Initially, purification was performed refer to 2nd draft method 1633 of EPA. However, due to significant  ©° e m 40 I o \ @ | | 1y }\ ? [\ PFMPA 179 1.0 0.4 882  100.5 96.4 862 1022  101.2
losses in purification step with the SPE cartridge, detailed investigation was conducted focusing on the 40 50 60 m70 et .3 S —i=l PFMBA 2 84 1.0 04 86.3 08.6 02 5 88.9 97 .5 990
washing and elution steps. Two types of weak anion-exchanged SPE cartridges were evaluated: InertSep & 20 =80 m 90 =100 pa 1 I I Zxﬂooooo 20030 40 50 60 70 80 90 mn 1X200000 2030 40 " NFDHA 3.26 1.0 0.4 82.7 93.6 93.8 85.2 100.3 92.9
MA-2 (GL Sciences Inc.) or EVOLUTE® EXPRESS WAX (Biotage). Eleven aqueous solutions for washing g 0 WAX_ acidic condition - o 3.0 InertSep MA-2, after extraction WAX . after extraction <70% 0 0 0 0 0 0
and elution were prepared with methanol concentrations ranging from 0 to 100% in 10% increments. Three 3100 | o g %& )\ @ J%L 70-120 40 40 40 40 40 40
types of eluents were prepared: one containing formic acid (formic acid/methanol solution=1:1000(v/v)), one g 80 B B 1B o I >120% 0 0 0 0 0 0
containing ammonium (28% ammonia solution/methanol solution=1:100(v/v/v)), and one containing nothing, 38 60 I I I I I I e Ly ﬂ /\ : %LL ﬂ [\
and one set of eluent was sequentially supplied to each SPE cartridge. After loading the carrot extract 40 I e X SN - = 3 D :
containing PFAS into the SPE cartridge, elution was performed starting from a 5 mL portion with 0% & 20 N | Zxaooooo 2.0 3.0 4.0 5.0 6.0 7.0 8.0 00 min Xmoooo min - ISCUSSION
methanol ratio, then gradually increasing (figure 2). Biotage® PRESSURE+ 48 was used for this process. <T>; 0 = l — g AN /R 3.0 InertSep MA-2, after pur|f|Cat|0n WAX , after purification Purification conditions using SPE cartridges were studied and the optimized eluents was selected.
up to 53.5% (3:3 FTCA) at methanol ratio of 50%, formic acid/methanol/water=1:400:600(v/v/v) was chosen é 30 . / . | i I - 3 B \- R, . i N I 1 =0 5/ B | % cartridges of InertSep NA-2 and WAX were compared, but no significant difference was observed.
as the washing solution. Only a small number of compounds required methanol ratio of 100% for elution, so 60 | i -8 o 1t I I . I \ I N 4 o : {\ ” A H
(0) 2 2 —1- — ] EE— n
28% ammonia solution/methanol/water=1:90/10(v/v/v) was used as the eluent. 40 N B g8 / BENE 5 N B g /\ 8 0(:0 ot O(TO Ay anare e 4 CO“CIUSlO“S
(x 100,000) ey s : : :
2.4 Evaluation of concentration 28 1 I 111, I 110000 I I I 111kE 11 I i 30 Standard solution » An LC-MS method for forty PFAS W|th|.n fifteen minutes analysis were created.
The feasibility of concentrating the eluate using nitrogen gas blow-down was investigated. After adding <ILILIILILILILRRNVRNVRPPONLLLIIUWLILTNNILLL L L L w% » The develppment of the pre-processing step, and a recovery test were conducted under low PFAS
standard compounds to 5 mL of purified solution of carrot, it was concentrated to less than 1 mL and filled o Ir%:’ I—?—< TOQERSA E a0 ﬁ’ I—?—< TQZL A8 E E E. BLBF 584 CD.D Z2Z23PLPLHELE ; %‘ concentration conditions, resulting in favorable results.
up to 1 mL with methanol. Upon quantification with LC-MS, there were loss ranging from 67.6 to 98.7% for tTraa®*taau E I el R I v iy o QP el ol . /\ f\ | | | S
eight compounds, PFOSA, NMeFOSA, NEtFOSA, NMeFOSE, NEtFOSE, 3:3 FTCA, 5:3 FTCA, and 7:3 ; Z 2 L % Z T % H—._ R o et References. Analysis of Per- and Polyfluoroalkyl Substances (PFAS) in Aqueous, Solid, Biosolids, and
FTCA. The losses for the other compounds were 27.8% or less. Therefore, the concentration step using = & O o 20 3 40 80 60 70 80 %0 md Tissue Samples by LC-MS/MS, 2nd Dragt Method 1633, EPA (June 2022).

Figure 5. MS chromatograms of PFAS 40 compounds

nitrogen gas blow-down was avoided in this pre-processing method. Figure 3. Amount of elution at each methanol concentration

The black line in the figure is drawn between methanol ratios of 50% and 60%. The products and applications in this presentation are intended for Research Use Only (RUO). Not for use in diagnostic procedures.



