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Abstract: Perfluoroalkyl and polyfluoroalkyl substances (PFAS) possess desirable properties,
including hydrophobicity, oleophobicity, surface activity, and thermal and chemical stability. Their

extensive production and widespread application have resulted in the pervasive presence of PFAS
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in diverse environmental media. However, accumulating evidence indicates that PFAS are persistent,
capable of long-range transport, bioaccumulative, and toxic; consequently, their adverse effects
on ecosystems and humans are of widespread concern. Aquatic environments serve as a major
transport pathway and contamination route for PFAS, making accurate measurement of PFAS levels
in water crucial for assessing associated environmental and health risks. However, accurate
quantification requires multi-step procedures, including sample filtration, enrichment, nitrogen blow-
down concentration, and reconstitution, such as solid-phase extraction (SPE) and accelerated
solvent extraction (ASE). These methods are often labor-intensive and time-consuming. Although
research on fully automated SPE technology is increasing, it necessitates installation of online SPE
systems, which entail high costs and may present limitations in sample throughput per run. With
continuous advancements in mass spectrometry, instrumental sensitivity has improved considerably,
making direct injection of water samples for multi-analyte analysis technically feasible. However,
reports on the use of direct injection methods for detecting PFAS in water remain limited, and the
number of target analytes covered in such studies is relatively small. In this study, a direct injection-
ultra performance liquid chromatography-triple quadrupole mass spectrometry (UPLC-MS/MS)
method was developed for the determination of 31 PFAS in water. To optimize the chromatographic
separation, enhance the detection sensitivity of target analytes, and minimize undesirable adsorption
losses, the method was meticulously optimized with respect to solvent selection, injection volume,
and syringe filter type. Our method involves the following procedure: 0.5 mL of water is aliquoted,
mixed with 0.5 mL of methanol spiked with 2 ng of internal standard, and filtered through a 0.22
pm polypropylene membrane. The PFAS were analyzed by UPLC-MS/MS with an injection volume
of 35 uL. The analytes were ionized in electrospray ionization negative mode (ESI') with scheduled
multiple-reaction monitoring (SMRM ). The MS parameters, including precursor and product ions,
collision energy, and declustering voltage were optimized. Through optimization of the analytical
column and mobile phases, the analytes were separated on an RSLC 120 C18 column with a gradient
of methanol and 5 mmol/LL ammonium acetate aqueous solution as the mobile phase in a gradient
elution program. The results were quantified by the internal standard method. The method dem-
onstrated excellent linearity (R*>0.994) across a defined concentration range. The limits of detection
(LODs) and quantification (LOQs) were 0.007 1-3.0 ng/L and 0.024-10 ng/L, respectively. Recoveries
at spiked levels of 2, 10, and 500 ng/L ranged from 67.2% to 130.2%, with relative standard deviations
(RSDs) of 0.30% to 18%. To quantify the effective equivalence between the enrichment efficiency
of SPE and the sensitivity of direct injection methods, a comparative analysis of analyte recovery
rates was performed for both approaches. Furthermore, for long-chain PFAS, direct injection
demonstrated consistent and favorable recovery performance. The method was applied to analyze
PFAS in groundwater samples. The results showed that 24 PFAS were detectable with the total PFAS
content ( Y PFAS) ranging from 20.6 to 521 ng/L, with perfluorooctanoic acid (PFOA) and per-
fluorobutanoic acid (PFBA) being the primary pollutants. This approach is simple, rapid, highly

sensitive, and provides broad coverage of target analytes, making it suitable for the quantitative
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analysis of PFAS in urban groundwater. It offers an efficient and reliable technical solution for

determining trace-level PFAS in environmental water samples.

Keywords: perfluoroalkyl and polyfluoroalkyl substances; direct injection; ultra performance

liquid chromatography-triple quadrupole mass spectrometry; groundwater
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Table 1 Retention times and MS parameters of the 31 perfluoroalkyl and polyfluoroalkyl substances (PFAS) and 9 internal

standards (ISs)

No. Compound Chinese name RT/min f;ﬁc(uyzs/zl; izo(d;j;) EPV CE/eV CXPNV QODNV IS
Perfluoroalkyl carboxylic acids (PFCAs, £/ iR )

1 perfluorobutanoic acid (PFBA) LR TR 5.70 212.9 168.9° -50 -12.5 -10.0 -20.0 "“C,-PFBA

2 perfluoropentanoic acid (PFPeA) A 6.09 263.0 218.9° -10.0 -11.7 -11.0 -9.0 "C,-PFBA

3 perfluorohexanoic acid (PFHxA) A9 R 6.45 312.9 269.00 -13.0 -142 -9.5 -14.0 "C,-PFHxA

4 perfluoroheptanoic acid (PFHpA) 4 PR 6.87 362.9 318.9°  -10.0 -12.0 -16.0 -16.5 "C,-PFOA

5 perfluorooctanoic acid (PFOA) IR 7.35 412.9 168.9° -10.0 -229 -8.0 ~-150 "C,-PFOA
7.35 368.9 -10.0 -124 -150 -15.0

6 perfluorononanoic acid (PFNA) 2 TR 7.99 462.9 419.0° -10.0 -13.8 -17.5 -15.0 "C,-PFNA

7 perfluorodecanoic acid (PFDA) IR 8.37 512.9 469.0° -10.0 -158 -17.0 -20.0 "C,-PFDA

8 perfluoroundecanoic acid (PFUnDA) S 8.88 563.0 518.9° -10.0 -16.0 -20.0 -20.0 "C,-PFUnDA

9 perfluorododecanoic acid (PFDoDA) oS e ) 9.42 613.0 569.0° -11.0 -17.0 -10.5 -10.8 "C,-PFDoDA

10 perfluorotridecanoic acid (PFTrDA) o T e 17 9.98 662.9 618.9° -12.1 -18.0 -9.0 -20.0 "C,-PFDoDA

11 perfluorotetradecanoic acid (PFTeDA) A3 |- U 10.51 712.8 669.0° -6.5 -20.1 -16.2 -20.0 "C,-PFDoDA

Perfluoroalkane sulfonic acids (PFSAs, £ & a5k )

12 perfluorobutane sulfonic acid (PFBS) &% T IR  6.11 298.8 79.9°  -6.0 -62.0 -85 -20.0 '*0,-PFHxS
6.21 99.0 -10.0 -348 -7.0 -20.0

13 perfluoropentane sulfonic acid (PFPeS) 4 75 [ J fiff i 6.44 348.8 7977  -40 -70.0 -7.0 -10.1 '0,-PFHxS
6.44 989  -3.0 -435 -14.0 -30.3

14 perfluorohexane sulfonic acid (PFHxS) 49 C L ik 6.97 398.8 79.9" -100 -84.0 -9.0 -20.0 '*O,-PFHxS
6.84 99.0 -10.0 -75.0 -6.0 -20.0

15 perfluoroheptane sulfonic acid (PFHpS) 4> % 5% R il ik 7.32 448.9 79.9"  -10.0 -86.0 -15.0 -10.0 '*O,-PFHxS
7.44 989 -7.0 -80.0 -7.0 ~-10.0

16 perfluorooctane sulfonic acid (PFOS) 4% FL i ik 7.83 498.9 79.9"  -10.0 -110.0 -9.0 -20.0 “C,-PFOS
7.94 99.0 -10.0 -91.0 -9.0 -30.0

17 perfluorononane sulfonic acid (PFNS) 4§ T L0 ik 8.46 548.8 79.8"  -55 -112.5 -73 -20.0 “C,-PFOS
8.33 988 -7.5 -89.3 -9.5 -10.0
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Table 1 (Continued)

Precursor Product

No. Compound Chinese name RT/min . EP/V CE/eV CXP/V QOD/V IS
ion (m/z) ion (m/z)
18 perfluorodecane sulfonic acid (PFDS) 2 H % ILAfifE  8.97 598.8 79.9"  -11.0 -126.2 -9.2.0 -7.2 "“C,-PFOS
8.97 99.0 -12.5 -107.4 -12.1 -20.0

Other PFASs (HAt PFASs)

19 6: 2 chlorinated polyfluoroalkyl ether 6:2% UL  8.09 530.6 351.0° -10.0 -34.6 -12.0 -20.0 "C,-PFOS
sulfonic acid (6:2 CI-PFESA) ik i 3.09 830 —6.0 -58.0 -4.0 -20.0

20 8: 2 chlorinated polyfluoroalkyl ether 8:2 UL A  9.24 630.7 450.9° -10.0 -38.5 -21.8 -20.0 "C,-PFOS
sulfonic acid (8:2C1-PFESA) it iR 9.09 829  —10.0 -72.0 -100 -21.0

21 10:2 chlorinated polyfluoroalkyl ether 10: 25 ft£ Ak 10.18 730.7 550.9° -11.0 -45.0 -16.0 -21.0 "C,-PFOS
sulfonic acid (10:2Cl-PFESA) ik i 10.34 829  —78 -100.0 -98 —-20.0

22 perfluorononenoxybenzenesulfonic LR TIEEILE 876 602.8 1082  -11.4 -100.0 -53 -20.0 "“C,-PFOS
acid (OBS) B 8.62 171.9°  -9.1 =507 -10.0 -21.0

23 perfluorobutane sulfonamide (FBSA) 4% T R B G 6.86 297.8 77.9"  -10.0 -50.0 -13.0 -20.0 '*O,-PFHxS

24 perfluorohexane sulfonamide (FHxSA) 4% CALREBENE 8 397.9 779" -140 -61.0 -85 -20.0 '"0O,-PFHxS

25 perfluorooctane sulfonamide (FOSA) 4% EHEMBEME  9.19 497.9 77.9" -13.0 -83.8 -10.0 -14.0 “C,-PFOS

26 N-methyl perfluorooctane sulfonamide N-F1JE4%-1-2%  8.80 569.9 419.0° -11.5 -28.5 -145 -20.0 "C,-PFDA
(N-MeFOSAA) Jot sk it JHe ik £ T2

8.80 512.0  -6.7 -28.8 -20.3 -20.0

27 N-ethyl perfluorooctane sulfonamido N-Z,JE43-1-%  8.93 584.0 419.0° -30 -27.5 -150 -9.7 "C,-PFDA
acetic acid (N-EtFOSAA) Jot ik T e 3 2, TR

28 sodium 1H,1H,2H ,2H-perfluorohexane  4:2 i 55 ¥) 6.42 326.8 81.0  -42 =527 -9.9 -20.0 '"0O,-PFHxS
sulfonic acid(4:2FTS) ﬂﬁﬁﬁ 6.55 307'0" -2.5 -28.0 -13.5 -13.5

29 sodium 1H, 1H,2H,2H-perfluorooctane  6:2 % iKY 7.48 426.7 81.0 -114 -735 -9.0 -20.0 "C,-PFOS
sulfonic acid(6:2FTS) ﬁﬁﬁfi 7.46 407.0* -12.0 -31.5 -25.6 -20.0

30 sodium 1H,1H,2H ,2H-perfluorodecane  8:2 f i K 4 8.52 526.5 81.0 -13.7 -832 -142 -14.0 "“C,-PFOA
sulfonic acid (SZZFTS) ﬁﬁ@zﬁ 8.52 5069+ -8.5 -38.4 -9.8 -22.0

31 hexafluoropropylene oxide dimer acid SHEIFENIE "  6.54 328.9 284.9° -10.0 -9.0 -8.0 -20.0 "C,-PFOA
(HFPO-DA) BRI
ISs

32 perfluoro-n-(1,2,3,4-C,)butanoic PC,- A T R 5.79 216.9 171.8  -10.0 -12.5 -13.0 -20.0
acid ("°C,-PFBA)

33 perﬂuoro—n—(1,2—'3CZ)hexanoic acid 13@—%%6%‘2 6.57 315.0 270.0 -6.0 -12.5 -9.5 -20.0
(C,-PFHxA)

34 perfluoro-n-(1,2,3,4-"C,)octanoic PC,- A A R 7.46 417.0 3720  -13.0 -14.1 -150 -14.0
acid ("*C,-PFOA)

35 perfluoro-n-(1,2,3,4,5-°C,)nonancic "C-&HM T  7.98 468.0 4232  -10.0 -15.1 -17.5 -10.0
acid (’C,-PFNA)

36 perﬂuoro—n—(1,2—'3CZ)decanoic acid 13@—%%@%?@ 8.49 514.9 470.0 -10.0 -15.0 -15.0 -15.0
(C,-PFDA)

37 perfluoro-n-(1,2-C,)dodecanoic acid “C,-&f 1+  9.58 614.7 5700  -3.0 -17.6 -13.0 -20.0
(*C,-PFDoDA)

38 perfluoro-n-(1,2-"C,)undecanoic acid "C,- 2 —#@  9.02 565.0 5202  -8.0 -16.8 -20.0 -20.0
(°C,-PFUnDA)

39 perfluoro-1-hexane ('*0,) sulfonic acid '"0,-% i b 6.97 402.9 103.0 -10.0 -75.0 -10.0 -20.0
('%0,-PFHxS) it 12

40 perfluoro-n-(1,2,3,4-"C,) octane sul- "C,-4 ki 7.93 503.0 79.9  -40 -108.0 -9.0 -20.0
fonic acid ("*C,-PFOS) it 1R

RT: retention time; EP: entrance potential; CE: collision energy; CXP: collision cell exit potential; Q0D : QO dissociation; * quan-
titative ion.
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AE 5 70 B RARE , e A 3 $% RSLC 120 C18 {4 % 4
5 TG B2 50 BT 14 43 B 5 A

Sy Ad ok [ 3 A B UPLC % &R G 075 el &
AR, 7E B0 U S AHTR & 1R B 3h i FF 2% 2R A 1 22
[H] % 2 9% 32 4 Hypersil Gold C18, LL4F 553k A 7 3
FHA UPLC 2 & G2 i 7E 1) PFAS. 43 BT i ] LA
T IE R A5 R GG Y o (DL 1b) o %4 il
A RGE T Y 5 PFBA 09T, 4271 T 5 ¥ i 4Gl
AEEE
2.1.3 wa skt

H#r PFAS BEH A 5K 1) 34, A £ K
BB A, Z B0 5E R - R B 5 O - 4 TR B
SEUR SN AR R HEAT RS BE DR O T 4R R
43 B SRR E bR A I R AR I R4S R Y
AW FE R G LT H K 5 2 -7K R 3 30 A 44
Z X} PFAS 40 B3R M R R, 45 R0 .
Bk 4> K 5% PFCAs(C=8) 1 H i - /K {4 5 Hp e T £
RSN , Hi4y Z2 %0 PFAS 4 i FUE X & T 2 -
KK FR o R, 7E S -7K IR & oL 31 22 b i 43
MG AR B R 25 . AR IRE  ESITEEA T,
FE K AH AR A R M 28 ah (i & TR i) R AR iE H
FRIE ke £ e+ ([M-H]") , & 7+ 5 1
PR, S92 B G 1) 43 8 B RO v ) R
1 5 e ARSI 2, %€ 0.2.5.8 & 10 mmol/L
TR B 5 VRN b 0 v 7 F R 43 B85 RE B S I . 4
SRR, B bR 0 AR R B 5 T H LR B (]
Bl % 2 TR ¥ e JE (2~ 10 mmol/L) A4 8 i 6 fin . 1)
A, W2 fros , O TR 6k o 5 mmol/L B {2 i 1
BOEL LA FR , AR o 1 B R4 . B % W -5
mmol/L £ R & KRN R s MR R .
214 RBEEFRA

W58 SCHR 30 14236 | it sl A8 rf A7 HLAH L ) ) 4
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Fig.1 (a) Total ion chromatograms of the 31 PFAS using different chromatographic columns and (b) separation effect of

the delay column on PFBA from system interferences

1. PFBA; 2. system interference.
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PFESA . 10:2CI-PFESA & FOSA ) it I 1 £ . 2 K T
HA 3 P E HEERIR G AR R . HEE-KIR G
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TS T e PR L 101 B /K R IS 2247
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18 265 oI5 JOT 5t 1 I, 5 R 4, R A A S ARk
2RF IO A 2 A R, 0 55 B E A R0 S 4R
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éz §5(C>8) S Itk 112 26 PFAS W[ & % , 15 FI' PFAS [i]
i % <80%; PTFE Ji§ i XJ K 4% PFCAs (C>11) W fff
J“# , PETrDA Fl PFTeDA [1] iit % (Y 36.5% Fl
8 mmol/L 9.6%; fii F| PES & i 52 U8 J5 22 %k PFAS 9 [al i 4 >
s 90%, I H. 9 T A5 i [l 3 Oy 74.0%~93.0%, H 4:
EP 2 FTS(143.0%) #1 8:2 FTS(131.7%) 5 % 1 &5 , % &
E 5| PES W8 11 5 T FTS A< B2t L 5 4 7l A o
. F UM 1A B JE RN, He E AL A o — A B
5% XFEI R A PP JE L U8 S5 31 Ff PFAS Al
3 SRS o A P4 bR Y I I % 1 (R 100.1%3.3% (35 [
X 87.5%~105.3%) , % Bl PFAS 7£ PP & & |- W% Fff %5
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Fig. 2 TIC chromatograms of the 31 PFAS using mobile phase

with different ammonium acetate concentrations
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W PFAS ) e 1 AR, A, 2 [ Ve J8 35k Joi DG P A6 vf
7 PFAS () 06 1 L. ME>0 4 34 38 % 1 , ME<0
Jp A RN . ME 7E 0~ +£20% 305 BBl 4 7 200 A3,
+20%~£50% A H 45 A B AL BT AN, >50% 5 <-50%
R B eREE AN o ARSI PEAE 20 ng/L Al 500 ng/L
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3
—
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Fig.3 Chromatograms of the 31 PFAS standard solution (1 000 ng/L)
Sequence numbers of each peak match to the ordinal in Table 1.
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Fig. 4 Effect of injection volume on the peak areas of the target analytes

PN INAT KT B A% PFAS 78 R /K RE 5 v i 56 5
RO (WL3R2) o 45 B, Jk 5t A% N 3 B o -27.6%~
36.9%, #B 5> H b5 2 B b A L BRSO o B, Ol
TR s MEf M, 5 22 R FIAR E IR 6 38 PN A vk A T 3k
JoE AL
2.6 FHiEk®

Sy i Ak A A5 B 0w AR ORE S B R R ARk

RAYE 1SR R BT AR TEINBR K SF- (2 ng/L) #
AR EE (2 ng) , FH R 7 1k 9 Il Ui R Bz 0 R
D7 AL B R WL 1.3 7, SPE kS % k(33 ], I
RGHELT 50,100 &% 200 mL 3 FE AR, 45

F(ULE6), 3R IR N 66.7%~125.0%.
SPE Jy A TE3F0 & SRR (0 3 AR RIS %y 56.4%~
131.5%. H &0 5 , £ 8% i PFAS (C<8, 1

x2 M T/KBESRT 31 #PFAS HE RN
Table 2 Matrix effects of the 31 PFAS in groundwater samples

MEs/% MEs/% MEs/%
Analyte Analyte Analyte
20 ng/L 500 ng/L 20 ng/L 500 ng/L 20 ng/L 500 ng/L
PFBA -1.6 -27.6 PFBS 21.0 -6.4 FHxSA 20.8 -1.0
PFPeA 7.2 -12.0 PFPeS 19.0 -2.0 FOSA 22.8 1.9
PFHxA 24.9 -4.3 PFHxS 22.4 -1.2 4:2 FTS 15.3 -5.7
PFHpA 26.3 -0.5 PFHpS 24.5 -1.5 6:2 FTS 23.7 -1.3
PFOA 36.9 1.1 PFOS 25.8 -1.9 8:2 FTS -5.5 -12.8
PFNA 15.0 -1.7 PFNS 24.6 -3.5 HFPO-DA 6.8 -6.0
PFDA 12.6 -9.5 PFDS 16.1 0.6 N-MeFOSAA 23.5 -3.1
PFUnDA 22.5 -0.2 6:2 CI-PFESA 21.3 -1.7 N-EtFOSAA 22.2 -1.9
PFDoDA 13.5 6.9 8:2 CI-PFESA 22.2 -2.1 OBS 15.9 -6.9
PFTrDA 12.6 11.7 10:2 CI-PFESA -14.5 2.3
PFTeDA -10.5 14.7 FBSA 18.1 -3.8
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Fig. 5 Effect of filter materials on the recoveries of the target analytes (n=6)
PP: polypropylene; PES: polyethersulfone; PTFE: polytetrafluoroethylene.
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Table 3 Linear ranges, correlation coefficients (R?), LODs, LOQs and recoveries (n=6) of the 31 PFAS
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Fig. 6 Effect of direct injection and SPE on the recoveries of the target analytes (n=3)

3 WHPFASHLMTER EXRH LUK . EEMRMMIRE U ZER (n=6)

Analyte Linear range/ 5 LOD/ LOQ/ 2ng/L 10 ng/L 500 ng/L
(ng/L) (ng/L) (ng/L) Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
PFBA 10-1000 0.996 3.0 10 107.7 2.9 103.0 13.6 101.4 7.8
PFPeA 10-1000 0.997 2.1 7.1 130.2 2.1 109.1 2.3 96.0 16.5
PFHxA 1-1000 0.994 0.076 0.25 110.6 1.5 110.7 2.8 102.5 15.5
PFHpA 1-1000 0.998 0.15 0.50 118.3 0.4 105.6 3.4 112.2 5.6
PFOA 1-1000 0.998 0.18 0.61 104.9 2.2 106.3 2.9 102.7 4.8
PFNA 1-1000 0.995 0.10 0.35 108.3 4.2 108.8 0.7 101.6 0.9
PFDA 1-1000 0.994 0.098 0.33 107.2 8.4 107.5 3.4 101.4 2.7
PFUnDA 1-1000 0.995 0.23 0.78 108.5 2.1 107.5 12.3 100.9 1.4
PFDoDA 1-1000 0.996 0.043 0.14 104.4 0.6 97.0 10.3 97.0 3.3
PFTrDA 1-1000 0.997 0.16 0.55 86.0 1.4 90.2 15.6 90.6 2.8
PFTeDA 1-1000 0.997 0.22 0.74 70.6 5.3 77.9 5.8 79.3 3.6
PFBS 1-1000 0.999 0.092 0.31 97.8 1.9 97.2 4.2 97.9 7.5
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Table 3 (Continued)
Analyte Linear range/ R LOD/ LOQ/ 2 ng/L 10 ng/L 500 ng/L
(ng/L) (ng/L) (ng/L)  Recovery/% RSD/% Recovery/% RSD/% Recovery/%  RSD/%
PFPeS 1-1000 0.999  0.052 0.17 105.6 3.3 99.5 3.5 104.0 6.4
PFHxS 1-1000 0.999  0.10 0.33 106.3 3.1 101.6 6.5 102.0 2.6
PFHpS 1-1000 0.999  0.076 0.25 98.8 4.1 96.1 4.6 100.7 0.3
PFOS 1-1000 0.999  0.064 0.22 103.3 0.6 98.2 16.4 99.1 1.6
PFNS 1-1000 0.999  0.061 0.20 98.7 3.0 94.4 10.6 96.0 15
PFDS 1-1000 0.999  0.055 0.18 97.2 2.9 94.2 10.4 95.8 2.8
6:2 CI-PFESA 1-1000 0.997  0.027 0.090 99.5 4.5 96.1 18.6 97.3 11.5
8:2 CI-PFESA 1-1000 0.995  0.017 0.055 99.1 5.8 100.5 7.9 100.9 45
10:2 CI-PFESA 1-1000 0.998  0.012 0.042 67.2 7.1 82.8 6.8 86.9 6.7
FBSA 1-1000 0.999  0.010 0.034 101.7 3.3 96.1 3.0 99.6 0.8
FHxSA 1-1000 0.999  0.0071 0.024 94.0 2.9 90.2 5.2 93.6 3.5
FOSA 1-1000 0.999  0.011 0.036 102.7 1.4 95.1 1.5 96.6 2.2
4:2 FTS 1-1000 0.998  0.028 0.095 112.2 1.2 108.1 9.6 109.5 15.5
6:2 FTS 1-1000 0.999  0.024 0.079 100.7 2.0 96.5 7.0 99.5 16.3
8:2 FTS 1-1000 0.999  0.079 0.26 106.0 0.9 93.9 18.4 91.4 0.7
HFPO-DA 2-1000 0.996 0.49 1.6 96.3 1.5 94.6 11.2 97.6 1.2
N-MeFOSAA 1-1000 0.999  0.11 0.36 106.7 0.4 102.1 5.9 100.3 3.5
N-EtFOSAA 1-1000 0.996  0.056 0.19 106.4 2.2 100.2 5.3 104.3 7.6
OBS 1-1000 0.999  0.060 0.20 93.3 4.0 85.1 6.2 81.0 8.4
2,10 1 500 ng/L AR G b5 ME 7 WL, # BRAOL AL IS 19 Br, &5 R L34,

AT, A K EAT I E 6 UK, THEAINAR [T
FEHNE T 25 500 A X AR AR 22 (RSD) . 31 flt PFAS
B IER [ 3K 67.2%~130.2%,RSD 4 0.30%~18%.
FKIZ AT RN 5%,

2 4 v LLAE H, HT K h JEK 24 R
PFAS, & & 4 20.6~521 ng/L,PFCAs (5 2 & &1
84.2%, H: " PFOA(11.6~246.2 ng/L) 5 PFBA(2.6~
147.4 ng/L)h F 275 44 ¥y, H ik /& PFBS(0.4~55.0

2.9 SEEREERESH ng/L) f1 PFOS (ND~96.6 ng/L) . H: 4% 7 # H #»
P AT B 0T H R KRR A P PRAS BE 5 5r PRAS(C>9) B .
x4 WTAERPPFASHEE
Table 4 Contents of PFAS in groundwater samples
Contents/(ng/L)
PFAS
No. 1 No.2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No.9 No. 10
PFBA 13.40 7.60 46.00 86.60 2.60 5.80 51.80 147.40 34.20 43.80
PFPeA 4.40 8.80 16.40 16.60 3.40 25.00 31.80 49.80 23.00 33.00
PFHxA 9.00 7.20 29.20 10.80 1.60 35.20 48.80 73.80 22.20 36.60
PFHpA 7.80 8.60 36.00 8.20 0.60 26.00 62.40 30.60 24.80 19.20
PFOA 120.60 18.60 155.20 11.60 9.20 112.40 246.20 21.00 71.20 30.00
PFNA 3.40 3.60 2.40 0.20 1.00 15.80 30.60 0.40 2.80 ND
PFDA 1.00 2.00 ND ND ND 5.60 6.20 ND ND ND
PFUnDA ND ND ND ND ND 0.40 ND ND ND ND
PFDoDA ND ND 1.00 0.40 ND ND ND ND ND ND
PFBS 1.60 2.00 17.00 55.00 0.40 4.80 8.00 11.60 9.00 5.00
PFPeS ND ND ND ND ND 2.00 1.20 ND ND ND
PFHxS 6.60 ND 0.20 ND ND ND 0.20 ND ND ND
PFHpS ND 0.20 ND ND ND ND 0.20 ND ND ND
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Table 4 (Continued)
Contents/(ng/L)
PFAS
No. 1 No.2 No. 3 No. 4 No. 5 No. 6 No.7 No. 8 No.9 No. 10
PFOS 1.00 96.60 ND ND 0.20 18.80 11.40 0.20 ND ND
6:2 CI-PFESA ND 7.80 ND ND ND 0.80 1.60 ND ND ND
FBSA ND ND 0.20 ND ND ND 3.20 0.80 0.60 ND
FHxSA ND ND ND ND ND ND 0.20 ND ND ND
FOSA ND ND ND ND ND 0.60 ND ND ND ND
6:2 FTS ND 4.40 0.60 0.20 0.40 2.00 1.60 1.00 7.80 0.60
8:2 FTS ND ND ND ND ND ND 0.40 ND ND ND
HFPO-DA 6.40 4.60 9.00 0.80 0.20 2.40 8.20 0.80 11.80 30.60
N-MeFOSAA ND ND ND ND ND ND 0.60 ND ND ND
N-EtFOSAA ND ND ND ND ND ND 2.20 ND ND ND
OBS 1.20 1.40 1.00 1.00 1.00 2.40 4.20 1.00 1.20 1.00
ND: not detected.
KAL) K BRI, 2022
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