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Per-and polyfluoroalkyl substances (PFAS) are synthetic chemicals that exhibit various physicochemical
characteristics, making it difficult to analyze many PFAS simultaneously. In this study, the simultaneous ana-
lytical methods of 37 per- and polyfluoroalkyl substances (PFAS), including the PFAS alternative compounds
Gen-X, ADONA, Major F53B, Minor F53B, and precursors FOSA, FOSAA, MeFOSAA, EtFOSAA, n:2
FTUA, n:3 FTCA, and n:2 FTS in drinking water and sediment samples were developed using liquid chro-
matography-tandem mass spectrometry based on the Korean persistent organic pollutants (POPs) standard
method. The water samples were extracted using a WAX cartridge by solid-phase extraction, while the sed-
iment samples were extracted by ultrasonic extraction. The accuracy and precision satisfied the values of 50.7—
118% and 0.01-8.5%, respectively, with a method detection limit of 0.12—1.36 ng/L. The PFAS analytical
method for sediment samples was modified based on the Korean standard analytical method for persistent
organic pollutants. The accuracy and precision of the 37 target PFAS ranged from 63% to 129% and 0.6% to
11.7%, respectively, with method detection limits of 0.03—1.94 ng/g in sediment. Satisfactory results were
obtained for water samples using the current Korean standard analytical method for POPs. Meanwhile, for sed-
iment samples, owing to the poor results obtained for the two compounds, the method was modified.

Keywords: liquid chromatography-mass spectrometry/ mass spectrometry, per-and poly-fluoroalkyl sub-
stances, emerging fluorinated compound
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PFHxA, PFHpA, PFOA, PFNA, PFDA, PFUnDA,
PFDoDA, PFTrDA, PFTeDA, PFBS, PFPeS, PFHxS,
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Table 1. Details of PFAS target chemicals

Compound class Compound name Acronym CAS No.
Perfluorobutanoic acid PFBA 375-22-4
Perfluoropentanoic acid PFPeA 2706-90-3
Perfluorohexanoic acid PFHxA 307-24-4
Perfluoroheptanoic acid PFHpA 375-85-9
Perfluorooctanoic acid PFOA 335-67-1
Perfluorononanoic acid PFNA 375-95-1
Perfluoroalkyl carboxylic acid (PFCA) Perfluorodecanoic acid PFDA 335-76-2
Perfluoroundecanoic acid PFUnDA 2058-94-8
Perfluorododecanoic acid PFDoDA 307-55-1
Perfluorotridecanoic acid PFTrDA 72629-94-8
Perfluorotetradecanoic acid PFTeDA 376-06-7
Perfluorohexadecanoic acid PFHXDA 67905-19-5
Perfluorooctadecanoic acid PFOcDA 16517-11-6
Perfluorobutane sulfonic acid PFBS 375-73-5
Perfluoropentane sulfonic acid PFPeS 2706-91-4
Perfluorohexane sulfonic acid PFHxS 355-46-4
Perfluoroalkyl sulfonic acid (PFSA) Perfluoroheptane sulfonic acid PFHpS 375-92-8
Perfluorooctane sulfonic acid PFOS 1763-23-1
Perfluorononane sulfonic acid PFNS 474511-07-4
Perfluorodecane sulfonic acid PFDS 335-77-3
Perfluoroalkane sulfonamide (FASA) Perfluorooctane sulfonamide FOSA 754-91-6

N-Methyl perfluorooctane sulfonamido acetic acid MeFOSAA 2355-31-9
N-Ethyl perfluorooctane sulfonamido acetic acid ~ EtFOSAA 2991-50-6
perfluorooctane sulfonamidoacetic acid FOSAA 2806-24-8

6:2 Fluorotelomer unsaturated 6:2 FTUA 70887-88-6

8:2 Fluorotelomer unsaturated carboxylic acid 8:2 FTUA 70887-84-2

Perfluoroalkane sulfonamido acetic acid
(FASAA)

Fluorotelomer unsaturated carboxylic acid

(n:2 FTUCA)

10:2 Fluorotelomer unsaturated carboxylic acid  10:2 FTUA  70887-94-4

3:3 Fluorotelomer carboxylic acid 3:3 FTCA 356-27-4
Fluorotelomer carboxylic acid (n:3 FTCA) 5:3 Fluorotelomer carboxylic acid 5:3 FTCA  914637-49-3

7:3 Fluorotelomer carboxylic acid 7:3 FTCA 812-70-4
4:2 Fluorotelomer sulfonic acid 4:2 FTS 757124-72-4

Fluorotelomer sulfonic acid (FTSA) 6:2 Fluorotelomer sulfonic acid 6:2 FTS 27619-97-2
8:2 Fluorotelomer sulfonic acid 8:2 FTS 39108-34-4
. . ADONA ADONA 958445-44-8

Perfluoroether carboxylic acid (PFECA) . . .

hexafluoropropylene oxide dimer acid Gen-X 62037-80-3

6:2 Chlorinated perfluoroether sulfonic acid F53B (Major) 73606-19-6

Perfluoroalkylether sulfonic acid (PFESA) . . . .
8:2 Chlorinated perfluoroether sulfonic acid F53B (Minor) 83329-89-9

BETHATE 20% ols} o]ofok s, Hgt HAHLA 2t m Aom, WHHEESAI(Method detection limit, MDL) %
o] A £20% (80~120%) ©fHiell lofof b & LOQQ 7% B3 LOQ F22] Tt HEs BFEd
SIS YlofuH AAFAE i) 2k £ At 2 VIR AR TIE Bl A ghEe] xauaEs

ol M= A= (Accuracy) ¥ L= (Precision) 018 ] o] 83l A=ESIITHMDL = F533} x 3.14; LOQ = %
&to] A 3SHA|(Limit of quantification, LOQ)2] 18]~10 A} x 10). 3+ F= A AL WHEFELS *]Eoﬂ
o] sE8 BFEdS AR AR T ode A8t FYskL HF 7171 A YA A7He WiREEE
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Table 2. Liquid chromatography (LC) profile for PFAS simultaneous analysis Liquid chromatography (LC) profile for

PFAS simultaneous analysis

Item Conditions
column ZORBAX Eclipse XDB-C18
(4.6 mm x 150 mm, particle size 3.5 um)
Mobile phase A: 20 mM Ammonium Acetate in Water
P B: 100% MeOH
. Time (min) 0 2 5 550 10 10.10 16 17 18
Gradient
Solvent B (%) 10 50 50 80 8 95 95 100 10

Column temp
Ionization mode
Scan type
Gas temp
Source Gas flow
Nebulizer
Capillary voltage

35°C
ESI negative mode

MRM (multiple reaction monitoring)

300°C
9 L/min

2 FUsiel FRAR1TE FEnFA R PEo]
al

[€)
upe} GAE WREEEEe & ARtsle] sleer At

2.5. AN A2 NE 2

2 AtellA] gRlE dAee] AAA S AL 7t
S FRlal] Qlal HEd e BrAeEgelA 2F
H A7 ANEL} HFE AR B4 FL8dEi) o
AT A8 FelATAZA(GFF, 045 pm, 047 mm,
Whatman, Maidstone, UK)Z <{}3F % 500 mLE PP
ol gol AT BAE Ase $47% o] 5¢
< 50mL PP FHol| FHalo] EAeitt. AA 2 &
S AR 5 2Mgek AP=31E B3l PFASE s}
Rem, Alg FEARA LOQ PIREe] B9 B EHE

(Not detected: ND) *] 2] 3} T},

3.1. 7|= 2MY XHE Hu|
3.1.1. & A
71 PN EFERTISEE

A3 A7, ES
10363.12)°] A& 7Fs/dS GRIsk] sl &7 500 mL
o 37%¢] FFEA(10ng)} 952 AL Wi-FF=22
(S ngye FUsled 33] Wk AEs F 77|18 2 A
Ax] A7 WREFEL (S ng)S Tl Ag= 2 H

U 29w S54eS Jue Py nek 4Esk
7

E5F 10% ©JWiSltl. US EPA Method 537.1 (2020)

A= tiAAl 45 2 A7A] 255 233 F 18F
PFASS] H=Eo| thal Ea s} olof thst G 9 A

U2 747} 88.5~111%, 0.9~8.8%= AAElL Uct!®
St BAE] st o]5 2 Ao HIw 9 g
, B85 = US EPA Method 537.1
(202011X1 2} BIS=t o, FE =] 79 o e 4
o= JERdT) B3 BAE WREEEE 9% IgEee
68.5~111%= YeRom =] F78AI187 I Arl s
38 30~130%S EF Eshe 2oz IRIETh
(Table 4). wWebA] 72 A|FAM <] 37% PFASS] #41&
Qate] 71E EAHO] 8o 7FsE AR Helth

3.12 §3HE AR

7ERAH AR 129 TR IR, ES 10423.1a)
o] A& 7Fs4E ERIsk] 918l Sea sand 1ol 37% &
TEZ(04~0.8 ng/gye A7l o, 2 AlEe) Y
A AAE WE-EFEE (5 ng)t AR F7Me WHEE
TED (G ngye FYs A= 2 s g8
£2 A= e ue) ARGt Il ode] &
g0z 2pdet ARG AFATR)E EF 53k
Are] 7191 098013 TESIAT) ZIERAY A
£ A3} 3]FEA] %S PFOcDA 2 PFHXxDAES A|9)3
THE4S PFCAs & PFSAsHY] 7|& PFASY 74<¢ A
S 71.4~109%= VFEREO™, A4 2 tiAIAe] 735-

S
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Table 3. Tandem mass spectrometry ionization condition and quantification for PFAS simultaneous analysis
1 2 3
Category  Compound (];Tn) (z:;:zc) (F::/)Zd) ](:5) (CeE/) ISTD RSTD
PFBA 5.126 213 169 (213) 55 3/1 MPFOA
PFPeA 7.535 263 219 (263) 60 2/2 MPFOA
PFHxA 8.005 313 269 (119) 65 3/10 MPFOA
PFHpA 8.189 363 319 (169) 70 2/13 MPFOA
PFCAs MSPFOA
PFOA 8.451 413 368.9 (169) 75 4/9 MPFOA
PFNA 8.828 463 419 (219) 80 4/6 MPFNA
PFDA 9.399 513 469 (219) 85 4/14 MPFDA,MPFOA
PFUnDA 10.239 563 518.8(269) 77 4/15 MPFUnDA
PFDoDA 11.520 613 569(319) 90 1/14 MPFDoDA
PFTrDA 12.554 663 619(219) 90 6/9 MPFDoDA
PFCAs PFTeDA 12.616 713 669(419) 100 11/20 MPFDoDA
PFOcDA 12.924 912.8 912.8 (868.8) 98 1/14 MPFDoDA
PFHXDA 12.739 812.7 812.7 (769.4) 84 1/13 MPFDoDA
PFBS 7.727 299 80 (99) 120 28/28 MPFOS
PFPeS 7.997 349 80 (99) 150 30/30 MPFOS
PFHxS 8.166 399 80 (99) 114 40/38 MPFOS
PFSAs PFHpS 8.404 449 80 (98.7) 140 40/40 MPFHxS
PFOS 8.766 499 80 (99.1) 131 50/49 MPFHxS
PFNS 9.298 549 99 (80) 180 48/56 MPFHxS
PFDS 10.100 599 99 (80) 180 73/71 MPFHxS
MeFOSAA  9.884 570  419.1 (168.9) 152 16/20 MPFUnDA
EtFOSAA 10416 584 419 (525.6) 114 18/12 MPFUnDA
8:2 FTUA 9.068 457 393 (343) 95 4/39 MFOUEA
62 FTUA 8314 357 293 (243) 82 3/33 MFHUEA M8PFOA
10:2 FTUA 10.921 557.1 493.1 (243.1) 115 9/41 MFOUEA
3:3 FTCA  7.636 241.1 2 (35) 117 2/35 MFHUEA
Precursors  5:3 FTCA 8.362 341 217 (163) 88 17/20 MFHUEA
7:3 FTCA  9.220 441 336 (317) 106 10/12 MFOUEA
4:2 FTS 7.990 327 307 (80) 120 20/30 MPFHxS
6:2 FTS 8.466 427 407 (80) 130 20/42 MPFOS
8:2 FTS 9.460 527 507 (527) 165 26/30 MPFOS
FOSA 11.299 498 78 (498) 160 30/6 MPFOS
FOSAA 9.444 556 498 (78) 87 31/46 MPFUnDA
ADONA 8.197 377 250.9 (85) 80 4/35 MPFOA
F53.B 8.997 531 4742 (350.8) 145 16/24 MPFOS
. (Major)
Alternatives F53B
. 10.640 631.1 451.1 (83.1) 142 30/33 MPFOS
(Minor)
Gen-X 8.051 329 285 (185) 60 1/8 MPFOA
Retention time of this study; 2Fragment energy; >Collision energy
217k 63.3~119%, 101~104%= b velstth 42 2 A48 WiEEE2 959 35e2 Hd 728~
L= PFTeDA (20.4%), MeFOSAA (10.8%), EtFOSAA  94.6%% SI3AAIE71500A AL e 358 9]
(10.6%), 7:3 FTCA (12.8%), FOSAA (13.3%)E A3t  30~130%% T=sh= HLANAH 3575A] 22 PFOcDA%}

3BT 10% o ATH(Table 4). o 45] whEsle] o

PFHXxDAE Long-Chain PFASe|w, 3] mjE8] X0 7}
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Table 4. Accuracy and precision for PFAS in drinking water and sediment using Korean POPs standard method, (NA, Not

available)
DI-Water (n=23) Sea sand (n=4)
Compound Korean POPs standard method (ES 10363.1a) Korean POPs standard method (ES 10423.1a)
Accuracy (%) Precision (%) Accuracy (%) Precision (%)

PFBA 50.7 0.1 102 1.5
PFPeA 93.0 0.1 102 3.6
PFHxA 104 0.1 97.9 1.5
PFHpA 104.6 0.01 101 2.4
PFOA 101.4 0.1 100 1.8
PFCAs PFNA 99.1 0.05 100 0.9
PFDA 96.2 0.08 109 1.1
PFUnDA 99.8 0.2 101 1.1
PFDoDA 100 0.1 103 3.9
PFTrDA 113 0.02 103 2.8
PFTeDA 107 0.04 71.4 20.4
PFHxDA 87.0 2.0 NA NA

PFCAs
PFOcDA 118 4.6 NA NA
PFBS 100 0.1 107 4.6
PFPeS 106 0.02 104 0.7
PFHxS 101 0.2 107 1.4
PFSAs PFHpS 97.7 0.1 99.4 1.1
PFOS 83.7 0.2 98.9 1.8
PFNS 110 5.0 103 0.8
PFDS 81.5 0.07 97.2 3.0
MeFOSAA 100 4.5 83.8 10.8
EtFOSAA 102 8.5 77.9 10.6
8:2 FTUA 106 5.3 102 2.1
6:2 FTUA 108 2.3 101 22
10:2 FTUA 91.0 4.5 78.0 36
3:3 FTCA 103 2.9 99.3 2.4
Precursors 5:3 FTCA 86.0 6.1 96.5 2.4
7:3 FTCA 85.8 3.7 94.9 12.8
4:2 FTS 101 1.9 117 0.4
6:2 FTS 96.0 3.1 119 3.6
8:2 FTS 92.0 42 118 2.7
FOSA 63.0 1.1 90.8 6.2
FOSAA 106 53 63.3 133
ADONA 101 2.6 102 2.8
. F53B (Major) 100 4.5 103 2.0

Alternatives .

F53B (Minor) 102 8.5 101 1.8
Gen-X 102 8.3 104 2.1

A FAEE w2 LgsRtEelnt ) ol2igh Sl

2J3l] Long-Chain PFASE & 7}skA 3= =

=

ARE3E 2lem | ENVI-Carb (C18) 7FEZA| & A=}

7 AHo= ARSETKTable 5). = gl durzo= wgk
ko] Ut} HZE 2 EolA]e] PFAS FHZ £4 W <-(Methanol, MeOH) ¥+= oAl EVO| E8 (Acetonitrile,

ol

< U USES WAX 7IEZIXE 0|43k SPES 3| ACN)oll Ak EF (Sodium hydroxide, NaOH) B

d
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AEopel 375 SHaslsiigel B4 A I 2 48 65
FE 2ol 35 W A A SIS 1% GElols

2% gl A 9OM, McOHS ACN Tk B¢ 7h 948 Weree gsiel B2 Fasignh,
01%194 PFAS 32§ 80] =& 7oz Yehgt}? wat
72 MeOHE ©]&-3te] USE o= &3 tha 3.2. THE AEH
WAX?PEFME o]-g-gk SPEO%W% 0.1~1% NH,OH”} Hloll Mgt viel o] EAE A5 gt 7]E 4
R RS o)g3le] FEsw k. web AR MEFARIISARE 9 AN, ES 10423 10)2 4
Table 5. Overview of analytical method for PFAS analysis in sediment
Detection limits Internal
Analyte Pretreatment method Detection  Calculation (MDL, LOQ) recovery  Reference
(Unite: ng/g. dw) ranges
PFTreA, PFTriA, Quick extraction 50%

PFDoDA, PFUnDA, water/50% MeOH with

PFDA, PFOS, PFNA, 0.1% acetic acid (pH ~9-
PFecHS, PFOA, PFHxS, 10 adjusted V\gt};~20duL o ASTM
PFOA, PFHxS, PFHpA, ammonium hydroxide) Standar 74.34~93.46%
PFHxA, PFBS, PFPeA,  +Tumble (1 hr) LEMSMS 4 eviation 0.0024~0.26 (Sand) 1)1772?3’
PFBA, 6:2 FTCA, 8:2 +Polypropylene filter
FTCA, 10:2 FTCA, 8:2 with Acetic acid

FTUA, FhpPa, 6:2 (~50 uL, adjust the pH

FTUA ~3-4)

PFBA, PFPeA, PFHXA,
PFHpA, PFOA, PFNA, Ultrasonic extraction

PFDA, PFUnDA, (USE) With Methanol Gao et al
PFDoDA, PFTrDA, (MeOH)+ diluted with LC- S/N ratio MDL:0.0026~0.0093 ) 2020 ?
PFTeDA, PFHXDA, water and SPE (WAX 20AD(HPLC) LOQ:0.0064~0.0275 (China)™

PFOcDA, PFBS, extraction) with

PFHxS, PFOS, PFDS, 0.5%NH40OH in MeOH
Gen-X, F53B(Major)

PFBA, PFPeA, PFHXA, Ultrasonic extraction

PFHpA, PFOA, PFNA, !

PFDA, PFUnDA, (USE) With .

PFDoDA. PFTIDA MeOH-+diluted with Liu et al.,
? > water and SPE (WAX LC-MS/MS  S/N ratio MDL:0.004~0.178 62.4~140.2% 2020

PFTeDA, PFHXDA, . . o o25)
extraction) with (China)

PFOCDA, PFBS, ' 1o/NH4OH in MeOH

PFHxS, PFOS, Gen-X, and MeOH
F53B (Major, Minor)

PFBA, PFPeA, PFHXA,

PFHpA, PFOA, PFNA,

PFDA, PFUnDA, Ultrasonic extraction Lee et al
PFDoDA, PFTrDA, (USE) With MeOH+ Standard 2020 "
PFTeDA, PFHxDA, SPE (WAX) with LC-MS/MS deviation MDL:0.001~0.156  89~109% (South

PFOcDA, PFBS, 1%NH40H in MeOH Korea)26)

PFHxS, PFHpS, PFOS, and MeOH
PFDS, FOSA,
MeFOSAA, EtFOSAA
Ultrasonic extraction
PFHxA, PFHpA, PFOA, (USE) With MeOH+
PFNA, PFDA, diluted with w'ater SI.’E  MDL: 0.001~0.002 Wang et al.,
PFUnDA, PFDoDA, (WAX extraction) with LC-ESI-MS/MS S/N ratio L0Q:0.002~0.004 63~84% 2022
PFTiDA, PFTeDA, 0.1%NH40H in MeOH e ‘ (China)*”

PFBS, PFOS,

PFDS and MeOH +ENVI-Carb

(clean up) with MeOH




66 7 - Macha Fulgence Jacob - Kimberly Etombi Muambo - 497 - @4

Table 5. Continued.

PFBA, PFPeA, PFHXA,
PFHpA, PFOA, PENA,
PFDA, PFUnDA,
PFDoDA, PFTrDA,
PFTeDA, PFHxDA,
PFBS, PBPeS, PFHxS,
PFHpS, PFOS, PFNS,
PFDS, 4:2 FTS, 6:2
FTS, 8:2 FTS, 10:2 FTS,
FOSA, Gen-X, F53B
(Major, Minor)

Ultrasonic extraction

(USE) With MeOH + LC-ESI-

with MeOH

ENVI-Carb (cleanup) MS(UHPLC)

) Meng et al.,
S/N ratio 1\14%0000856?00?2 70~118.6% 2021
o : (China)?®

451592 w Long-chain PFAS (PFHxDA, PFOcDA)®]
3lrER] oot & e S £33 Farste] 1%
Aol e ek E WAt T E A
o] st A= 2 AEe RIS 98 2FEE
(PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFNA,
PFUnDA, PFDoDA, PFPeS, PFHxS, PFHpS, PFOS,
PFDS, F53B (Major), ADONA, Gen-X)°| FYUE ¢1=
EFE4 (Certified reference material, CRM (ERA #604))
3} /¥ 522 (PFDA, PFTIDA, PFTeDA, PFHxDA,

PFOcDA, PFBS, PFNS, MeFOSAA, EtFOSAA, 8:2
FTUA, 622 FTUA, 102 FTUA, 3:3 FTCA, 5:3 FTCA, 7:3
FTCA, 42 FTS, 622 FTS, 82 FTS, FOSA, FOSAA,
F53B (Minor))2 Sea sand Al5°l Y31 (CRM; 21.7~
80.0ng/g, © 9 E3F; 0.5~32ng/g) 43 A5t}
Table 60 YERA wpe} o] BE =20 HIdue=
63.1~129%% Fo3t A5 Bom AU== PFBA
(11.7%), PFOcDA (10.7%), 3:3 FTCA (104%), 7:3 FTCA
(11.5%)2 AL e 2o 10% o= A==

Table 6. Accuracy and precision for PFAS in sediment using modified Korean POPs standard method.

Compound

Sea sand (n=4)

modified Korean POPs standard method

Accuracy (%) Precision (%)

PFBA 129 11.7

PFPeA 110 4.5

PFHxA 96.0 4.0

PFHpA 102 1.6

PFOA 102 3.6

PFNA 109 1.8

PFCAs PFDA 110 1.6
PFUnDA 99.8 2.8

PFDoDA 95.3 43

PFTrDA 97.8 0.6

PFTeDA 93.9 2.0

PFHxDA 81.0 1.6
PFOcDA 65.2 10.7

PFBS 103 1.1

PFPeS 118 6.5

PFHxS 101 3.1

PFSAs PFHpS 99.6 3.6
PFOS 118 4.1

PFNS 98.3 2.0

PFDS 93.8 5.5
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Table 6. Continued.
MeFOSAA 112 1.7
EtFOSAA 113 0.7
8:2 FTUA 78.5 7.8
6:2 FTUA 71.9 2.2
10:2 FTUA 89.3 4.7
3:3 FTCA 69.6 10.4
Precursors 5:3 FTCA 69.5 8.6
7:3 FTCA 63.1 11.5
4:2 FTS 93.5 0.9
6:2 FTS 96.1 3.5
8:2 FTS 96.6 2.7
FOSA 89.8 7.0
FOSAA 65.1 5.9
ADONA 101 7.1
. F53B (Major) 99.5 5.4
Alternatives .
F53B (Minor) 104 1.1
Gen-X 71.9 14
AAE HFEFEE 959 I8 67.6~909%= b ERHITL
Bl AR 1S H AT A OlA ANEE SaE Al gR1E FHF Ay

HEE RS mer g o] HA= Al
#1€] 37% PFAS BAW o= HH9 Zls g]lsglon
HE AAE 2 AR A A Fig. 1ol U

Water sample (500 mL)
l « Internal standard solution (5 ng)

SPE (Oasis WAX 150 mg, 6 cc)

<conditioning>

+ 6 mL0.1 % Ammonium hydroxide in MeOH

6 mL MeOH
* 6 mL Water

Sample Loading

I + Washing : 25 mM Ammonium acetate 6 mL

Drying for 30 min

Elution

+ 4 mL 0.1 % Ammonium hydroxide in MeOH
+ 4 mL MeOH

Concentration

+ 40°C, N, gas

+ Make up : MeOH

+ Recovery standard solution (5 ng)
« Final volume: 1 mL

LC-MS-MS

()

=]
slol 5 AlR0] A4S EEEAG FYH 255 A

(10ngL) RS EXlste] gle 71 E4el ofst

Sediment sample (5 g)
+ Freeze-dryin
« Internal standard solution (5 ng)

Ultrasonic extraction (USE)

20 mL 1 % Ammonium hydroxide in MeOH
Sonication (45 °C, 1 h x 1 time)
Centrifuge (5,040 g 10 min)

N, Concentration (1 mL)

Clean up

SPE (Envi-Carb, 250 mg 6 cc)
<conditioning>

4 mL MeOH

4 mL 1% Ammonium hydroxide in MeOH
<sample loading>
<Elution>

4 mL MeOH

4 mL 1% Ammonium hydroxide in MeOH

Concentration

+ 40°C, N, gas

* Make up : MeOH

+ Recovery standard solution (5 ng)
+ Final volume: 1 mL

LC-MS-MS

(b)

Fig. 1. Modified pretreatment method for PFAS (a) water (b) sediment.
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Table 7. Method detection limits (MDLs) and limits of quantification (LOQs) for PFAS in D.I water samples and sea sand

samples in modified Korean POPs standard method

D.I water (ng/L) Sea sand (ng/g)
MDL LOQ MDL LOQ

D.I water (ng/L) Sea sand (ng/g)

MDL LOQ MDL LOQ

PFBA 0.43 1.38 0.04 0.13

MeFOSAA 0.71 2.25 0.04 0.11

PFPeA  0.38 1.20 0.06 0.19  Precursor EtFOSAA 1.36 4.35 0.04 0.13
PFHxA  0.38 1.22 0.07 0.23 6:2 FTUA 0.39 1.25 0.12 0.38
8:2
PFHpA  0.12 0.40 0.07 0.21 FTUA 0.89 2.82 0.03 0.10
PFOA 0.52 1.62 0.05 0.17 10:2 0.64 2.04 0.07 0.23
. . . . FTUA . . . .
3:3
PFNA 0.40 1.27 0.04 0.14 FTCA 0.93 2.96 0.42 1.33
5:3
PFCAs PFDA 0.40 1.28 0.05 0.16 FTCA 0.83 2.64 0.13 0.41
7:3
PFUnDA 0.40 1.27 0.05 0.16 FTCA 0.50 1.59 0.11 0.35
PFDoDA  0.40 1.28 0.04 0.13 :Tzs 0.61 1.94 0.35 1.11
PFTrDA  0.33 1.05 0.04 0.11 FéTzs 0.95 3.02 1.24 3.96
PFTeDA 0.15 0.48 0.06 0.18 STZS 1.20 3.81 1.94 6.18
PFHxDA 0.17 0.54 0.03 0.10 FOSA 0.69 2.19 0.04 0.13
PFOcDA 0.21 0.67 0.04 0.11 FOSAA 1.34 4.25 0.08 0.24
PFBS 0.63 2.01 0.04 0.12 ADONA 0.98 3.27 0.04 0.12
PFPeS 0.46 1.47 0.07 0.23 F53.B 0.69 2.29 0.03 0.11
. (Major)
Alternative F53B
PFHxS 048 1.53 0.05 0.14 . 0.40 1.27 0.03 0.11
PFSAs (Minor)
PFHpS  0.51 1.62 0.07 0.23 Gen-X 1.18 3.94 0.04 0.12

PFOS 0.54 1.71 0.05 0.15
PFNS 0.39 1.25 0.06 0.20
PFDS 0.46 1.47 0.05 0.15

(0.40~4.35 ng/L)E A¥E3lod L Z3E Table 79 LERL
o} & Agol A& AEIH= 7152] Coggan. (2019)
o 213+ A70.28~4.0 ng/L)e} FARIAL Yo 23=0)
em 1 US EPA Method 533 (2019)2] MDL (1.40~
9.11 ng/LY"2} US EPA Method 537.1 (2020)¢] MDL
(0.55~6.30 ng/L)Rt} re- =F0]th ¥ H A E A7)
4G FFEE S 93 Sea sand A F(0.4~0.8 ng/g) 7
NE FHlsle] ERIF 2F A oJsie] 2783 4
FZ2E] MDL (0.03~1.94 ng/g) 2 LOQ (0.10~6.18
ng/g)s AESISiTh & A= AT} vlasile W
Z=HollA] B8 MDL (0.0020~0.042 ng/g)*®zt f-AFsk
At =& FEel o S slisk HAE tideE A
A3 A7te] MDL (0.0010~0.16 ng/g)’=h= H|S=3k 4=

o]t} B3 ASTM D7968-17a%1 AIAIE MDL (0.0024
~0.26 ng/g)"? KT} HS=abAL) Bk Folqint. i
FAE AAg S 37% PFASS| E4E A8 HUE
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