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Abstract: An analytical method was developed for the determination of fourteen perfluorinated
compounds (PFCs) in water through online solid phase extraction and ultra performance liquid
chromatography—tandem mass spectrometry. The method demonstrated excellent linearity within the
range of 0.5-40 ng/L, and the correlation coefficients were all above 0.995 0. The spiked recoveries of
low, medium and high concentrations of fourteen PFCs were within the range of 80.5% to 119% in pure
water, 70.0% to 119% in surface water, and 72.4% to 118% in groundwater. The relative standard
deviations were all lower than 10%, and the detection limit was 0.03-0.2 ng/L. The method boasts the
advantages of less organic solvents consumption, simple operation and accurate and reliable data output,

and is applicable for the simultaneous determination of fourteen PFCs in water.
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LA AW (PRCs) 45 th AN T4 i — &R 51
FAAHLS Y, HEA R rfb2e i MR b
Ao B2 B HAE Tk B =, 1 PRCs (1 fk2F
PR R , BATTHE A REE FAE YR N G AN 5 B
fif , NI i ALERY . HAT, 2558 52 PFCs J&
TS G, U E TR (PFOA ) Fl4: 3 Le i iR
(PFOS) WAy —LE PFCs 7E T 3T | 3 AT R
B VEAE S A AR IR I R
PFCs ELAT VAR O B0 P9 0 i e PR A2k
B RE B PE AR B A R B EEMET 2009 4 (R /K
JEE N 24 ) B PFOS B H R Fn 4 J o L i BE s 1L 9
(PFOSF) 8 A B 1 A A HLTE Y9 (POPs) 1141, ™
& BRI G 5 2019 4F PFOA F14> 38 O b sk 2 £k
(PFHxS) g5 A CUTEERF IR EE A 24 ) 11 25 156 25 FH 2
S I, 5K PFCs B FE RGN Ak AN W i vk
WF5E TAERAFIT

H |, XK o PRCs 9430 ik B EA S M@
TR A S - T A A A - g s
S5 HIAL By vk E B O B R A AR BOE . BT
PFCs HAT W a5 R0 MR RS #5 R IR s R A
2 2 A 0 % — o i 7 ) A B OR T R
B, T B UEATAT AR AR RN ™ o T VR AH (3 — i i vk
PR LA 8 v 1) R R e ) B L B A A T (e
AR, B AR PRCs B E B M . B LR B AH
AR A (BRI AR 3 7 575 2 200~1 000
mL $E 2 T RARFHA KR TR 5, Har ZE R E AL
PR MG, Ve VR T AT e 4 RN R A IR
BRI T A SR A AR O AR AR N E] 10
m LA A 5 38 L A {1 4 [ R AR T (R A B R
I, R BT L AR S R/ A LY R =
ISR AR A BOL L M B

H R, [ PN 0 FH 7 4 T A A H -8 s YR €2 3
£ I 3% 4 R (Online SPE-HPLC-MS/MS) | 5 7k
W PFCs Y5 AR TE /D . S5 T Ik, RFIFELR [ AR A%
T — o v A €33 B I T 35 3 X 7K T 14 i PFCs
HEAT TN , I X0HI o 2ok A v A 45 52 e B R AT T
AL BT o 2O A ERE R F M R
15, &) T 0% e T PR K A PRCs 1 43 BT, 6
TS Y i W I LA T, IR RE I N I
BRI KR

1 ERIFL
1.1 FENESKA

SUPEC 5220 #47E £ [ #H % B {X . EXPEC 5210
TR 1 SOV € 335 3 B T A3 (e 33 B R R
A BRZA F] ) 5 HLB 78 26 [ AH 26 Bk (35 B Waters 2
A],20 wm,2. 1 mmx30 mm) ; LC{R A #% /5 C18 ZER
(3.0 mmx50 mm, 5 wm, HUM 3% F B & A R
/5 W) 5 SPE 2 J5 HLB ZER A (BTN 3 B R &k R A
BR 2 F) ) 5 C18 W AH €2 38% 4% (100 mmx2. 1 mmx1. 8
pm, 32 [E Waters 28 7] ) ; B 55 21 4EJE I (FLA2 R 0. 22
wm, BN 47 mm, EIEEXLEALRR )

(i) s Th B TR A aligeoK s R (5
WAl ; LG (i) ; LTREE (i%2l) . 14 Fh PFCs
RA PR IR ONE IR RN R A G250 T R
(PFBA) . &R (PFPeA ) 45 C 12 (PFHxA ) \ 4
FUT BEAF R (PFBS) 2 9 B2 (PFHpA ) | 42 9% T2
(PFOA) 498 C. el i (PFHXS) \ 29 TR (PFNA) |
2FZE MR (PFDA) (2 FE Rl 2 (PFOS) (229 T —
% (PFUdA) , 2= 98 T 12 (PFDoA ) | 4= 8L %% Jor it iR
(PFDS) . &%+ =M (PFTrDA) , ¥ FE 14 2 wg/mL
OB E FE R £5% ) , 555000 F B 5 9 Bl PR Cs INARTR A
PRI (s S B B ey A BR A R, Hrh
A5 4 T B2 N A (PC,-PFBA) | 4 9 & R N #n
("C,~PFHxA) . £ % ¢ 2 M A5 (PC,~PFOA) . 2 C.
Le i B2 N A (80,~PFHXS) | 4= % T- 2 N b5 (°C,—PF-
NA) A JR 24 R A5 (PC,~PFDA) 4> iU B Bl ik 9
br (PC,~PFOS) . &%+ — R N5 (PC,~PFUdA) . &
B RN AR (PC,~PFDoA) , M M 2 wg/mL (R
T2 B M +5% ) , 177k F B
1.2 EWHE
1.2.1 TR EAHZE BT

IKEEFR A NARIG Z3 0. 22 pum (B £ U
JEEHhUE , SR 55 A Online SPE HEREIR Y, 4% BEA 8
i) Online SPE 2% 4 # 17 # B . Online SPE 4% {4 40
e, F B HLB 7 2k A A% B R TG 1k
TEALISHE] A 2 min, 3N 1 mL/min; S8 5 , F 47K gt
AL AL E] 9 3 min, W3 1 mL/min; 285,
H 4li 7K 5 BE 5 AN HLB 7E 28 [ A 26 B & 48 3
min; ZJi5 , HAK R BE HLB 7542 [ AH 25 BUEE 2 min;
e, FHRORE G35 25 14 0 T Sl AH X HLB 7 4% [ AH A%
HURE A 76 B2 R
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Bt , 5 . f£ 2% SPE-UPLC-MS/MS M 52 14 FF 4 # AL &4

%40 B % 24 #

Online SPE-LC % 4t lit 4% 3 4~ v 7Sl Pk U]
e g , 5 5T Online SPE % i A ASHR, H 18 5K 3 42 il
ke S AR SPE A 1 22 % AR5 BRI, O HoR HIOS
T 1) 2B T T AR R G, S I 43 AT R R £ [
AHAE B3 AT R G 4k .

S5 R FH HLB 7E 26 [5AH A BURE #6178 48, XTR
A B AL 2 R K ML R KRR EA T 20 BT 5, A A
— M3 HLB 78 2% [ A A O 9 8 77, MK BERR T
S, WAL B AR HLB 78 4 [ AH 22 U AT T 200 4
DL FOKBERTE L B 4R .
1.2.2  WAHEE B %A

K C18 ¥ AH 2 3% 4 (100 mmx2. 1 mmx1. 8
pm, 3 [E Waters 24 7] ), #EHE 58 2 mL, R~
40 °C, K 0. 3 mL/min, Ji s A4 10 mmol/L £ 12

BN M o BB BEVEBL AR P Q1R < 0 min I, 80%
14 10 mmol/L Z IR % ¥ W A1 20% 1) & N 5 2. 5 min
i, 60% 19 10 mmol/L £, TR £ 5 T A1 40% 14 2N 5
8. 0 min i}, 40% 1 10 mmol/L 2, iR % 75 W F1 60% 1)
2N 510. 0~13. 0 min i}, 10% 1) 10 mmol/L £ R 1%
WH90% 19 2 5 16. 0 min I, 5% 1 10 mmol/L 2,12
BV WA 95% ) M 316, 1~19. 0 min i, 80% A 10
mmol/L £ FRE A 20% ) NG o
1.2.3 &t

SR BB - FL 55 25U, 22 SO W (MRM)
R, BEMEESIE N4 2KV, EEFSEE N
500 ‘C, Z AL A 1.8 L/min, 221 H S0 &>
10 L/min, F2 W& 1. 0 Limin, oA 5 3% 4% 4440
F 1R

F1 RiLEG
Tab.l1 Mass spectrometry conditions
wEY CAS*S BB F W mlz | PYIEF R mlz | HEFLE/NV | BEERER/V | RN
PFBA 375-22-4 213 169* 50 8 BC,~PFBA
69.01 50 5
PFPeA 2706-90-3 263 " BC,~PFHxA
219.01 50 4
269" 50 8
PFHxA 307-24-4 313 "C,~PFHxA
118.9 50 24
80* 50 38
PFBS 375-73-5 298.9 0,—PFHxS
99 50 38
169 50 10
PFHpA 375-85-9 363 < "%0,—PFHxS
319 50 5
168.9 50 14
PFOA 335-67-1 412.85 ” PC,~PFOA
368.9 50 5
80* 50 51
PFHxS 355-46-4 398.9 "#0,-PFHxS
99 50 48
168.9 50 16
PFNA 375-95-1 462.85 " BC,~PFNA
418.9 50 6 )
168.9 50 20
PFDA 335-76-2 512.9 - "C,~PFDA
469 50 10
80" 50 59
PFOS 1763-23-1 498.9 BC,-PFOS
99 50 58
168.9 50 20
PFUdA 2058-94-8 562.85 < BC,-PFUdA
519 50 7
569* 50 8
PFDoA 307-55-1 612.95 C,-PFDoA
268.9 50 18
99 50 50
PFDS 335-77-3 598.9 " BC,~PFOS
80 50 80
619* 50 16
PFTrDA 72629-94-8 662.9 BC,~PFDoA
168.9 50 28 -
W “NEEET
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2 %R53%
DA 14 Fh PFCs f4 i 17 A1 R0 R e BRI, 20
S AR B o ug oy =X g oy X RE S pH RE

A PRAEAE 5 A H Y SER AR SR

2.1 SEWKEMHMIL
2.1.1 AIEEER

AR A 43 by 8 R A5V AH L i R I R RS A
BANRZ 14K 7 1 )8 217K 28 Online SPE I
AR A 14 . ARAS IR/ PRCs I 22 45
SRR AR AR B M), JC I B 5 e e K o
I KA PFCs Y BE—BEAE ng/L7KF- , 48 Online SPE
BT, 5 PRCs YRS H BRI 3K 0. 1 ng/L, R L K
ARIEA AR B AR AR E2,

T, ZS R R O (3 R I T A B AR
JE 25 1, 4 i FH O sl AH A B B 4R T U peek A4 5T
5 TEWRORE (3% 3t 2 AH TR 5 % )5 F1 Online SPE 28
Je e SR A, DL 25 B S AH T 9 PFCs 5 i 8l AH 1%
FH % 9 LR AT 85 R R 4K, DAGRIE IR
AR A alivge . & B IR U TIE , IiK R
GARIEZS 1, 14 PRCs B ARKE H

LW, A3t 2liok 25 11, 35 B vk, B
10 mL 4l 7K F Online SPE 3R P, 3R AL IR 7 i
2T FH B 2 AN Al K ek T, $ BRI e
) Online SPE &4 AR o R AH €435 R B 1 5%
P, ALK 25 R 14 80 PRCs YR A H o

FEUR 43T 22 0. 22 m B B8 £F 2 38 5t 3 08 ) 1Y
4K Zs 1, B AF e D TR FOE H S AR b T 550 C
ML S b, N LG 1 i R 20 b A A U ke 1 KR

1574
£ 52

JR T 4 P T B Al K b e A
SR 5 FEXT Sl K HEATHh U8, B 10 mL g K Fig vk T
e HEREI Y, 4 RERE B I TE 2R SPE 254 AR 15
BB €0 135 HR IR T 1 ASC 2R A R A 70 2, DA AT
Ak B 53 BT o B G 4K 25 1 14 FF PRCs 2K
oA I
2.1.2 A E Iy ik

Sy 3 B X6 1 RV € 3 £ IR O 3 AN 3 S
YL FNIE SE , TR RE LA T 8 . B, G i
PE— UM R IR i g A (15, L4220 0. 45 pum,
BN 25 mm) — IR VEBCES 2T 4K AR 2 g s (2
S LM 0. 45 pm, HAE R 13 mm) . — IR PEBFE T
Ak A A Xk pE 8% (345, fLAE 8 0. 45 pm, HAZH
25 mm) . — KM R Xt iE AR (455 f LA M 0. 45
pwm, HA2 N 13 mm) ,— IR PE AR LR 4 R g4 (5
T LR 0. 22 wm, BLAR R 13 mm) (B EE LT 28
(65, L1724 0. 22 pm, N 47 mm) \MCE JEEE (7
S LR 0. 22 pm, HAE R 47 mm) (iR £F 2 %
(8%, fLI£H 0. 22 pm, ELAZ K 47 mm) , IriEig iR
FH T35 9% H BRI 2K wp gk f5 i, b MCE D8
FE R A AR AN iR, SRR R SlK AT g
XF 14 Fl PFCs B IMAR 4B 7K K FE (14 Fp PRCs ¥R 10
ng/L, AR FE R 10 ng/L) 847 13 8 )5 5 &2 1 22 3
U, AR SRS E LR 1, aTRLE &4 6
ST AR IR BT, PFCs (SR b [l i 5 44
£ 80%~120% Z [8] , FoAtb A 5t ik 8 #4824 A7 22 24
P TSR /N T 80% IR G , PRt , e R 6 5 B3
LR YEPE X AR FEEA T 0E

150+ a2 TR e e RULER o R o 2T LEhE R =4 PR
o 2R e 2RO R o 2 TR u 2RISR o R BERR
120k o 2E T —Re 2T TR e e e 2T =R
I
*§§ 90t
=l
& 60
=
30
0 = = - = = = = = . =
1% 2% 35 45 5% 67 77 875
o USRS
B KHEZERETIEELIEE 145 PFCs B4R E Y 2
Fig.1 Spiked recoveries of 14 perfluorinated compounds in water samples treated with different filters
2.1.3 R[EHuE Ty 3 L ng/L; 40, Bi il 14 Fh PRCs B b L w8 vk BE 43 1)
e 3 20 14 %0 PFCs (OFRUEMM R ROV, W 1.5.20 ng/L, IWARVEE A 10 ng/L B 2K IR K #E
H140.5.1.2.5.10.20.40 ng/L, NARIREYI N 10 REASMREEFECH] 6 241, 43 B0 e AIK  vh o vk B /KRR 1Y)

+ 132 -



www. cnww1985. com b

5%, % £ 2 SPE-UPLC—-MS/MS i & 14 #F 4~ . ALA4h

%40 B % 24 #

PR I 55— 20, b it 2 R 0 R T
TE N L R S KRR BN A bR IS, ¥ 28 0d BB £F
2R D, SR _EALINE 5 55 — 4, A e e R S
WM ARG AL ik, B EHLINE , i T
SE N 5 I A K KRR TN N A IR 228 2 B 5 27 Ak Ak
U8 RJE EALINGE 3 28 =4, AR i 2 3R 90 7 v Fn 4t
K KRR SE 22 3 BB 27 4 ug AR 08, PR — TN s
SRJE EHLINE . MELRNEL 2 PR, W LIEH,

SF I A5 118 4 R SS Jon B R AN L v | o AR B AR [
WCRAFAE /N T 80% MG s 5 —2H 14 F PFCs HAIG
rh e TR EE AR BRI 7R 809%0~120% Z 18], 1 H.
W3 = T 5 ALy IR S A B — e Ty
AT LR AF AR A AR 4 P A e 1 Y — Bk . A
I, BERRRE AR oA il 26 2R 50 5 VORI 0 G 28
Al KK FE SN bR , P20 Bl B £F 2 B 8, SR )5
EHLIE

F2 AREKEHIET T 145 PFCs B4R = 2

Tab.2 Spiked recoveries of 14 perfluorinated compounds under different water filtration methods %
oy I R BE AR | FRUEEIES | ke BE AR way I RHR | PP B | 1o vk B2 o
[ e IELES [m] 3 IELES BR | ARECR

H—2 | 93.5~118 | 96.1~108 98.1~106 —2 | 85.7~102 | 95.6~115 | 91.1~113

PFBA B | 92.1~103 | 95.7~106 99.2~103 PFNA 54 | 82.5~95.9 | 94.2~108 | 99.4~108
B | 89.8~104 103~118 94.8~102 = | 92.8~106 | 98.1~119 | 85.4~103

F— 112~119 | 81.2~114 82.9~96.8 S—2H | 88.7~111 | 92.1~109 | 93.0~102

PFPeA £ 105~119 102~108 103~110 PFDA o 101~109 100~108 | 103~107
B4l | 84.8~111 92.0~108 96.3~115 = 108~119 111~118 | 85.9~99.4

F—2f 101~115 | 95.8~108 89.9~107 H—2 | 93.5~117 | 95.1~107 | 98.5~110

PFHxA | 104~110 100~109 93.7~104 PFOS B4 | 98.5~111 | 99.0~109 | 105~108
5= 104~109 106~118 88.2~94.8 =4 | 93.1~101 | 80.9~101 |77.6~88.9

4 109~117 103~117 107~115 —4 | 92.3~95.6 | 93.8~118 | 111~118

PFBS B | 98.2~111 105~109 101~110 PFUdA B4 | 90.9~108 | 96.6~111 | 107~109
= 102~115 101~115 88.3~101 =4l | 82.1~87.6 | 83.2~115 | 93.3~104

—a 106~117 | 87.5~98.9 | 86.7~94.9 B—4] | 84.2~117 | 99.0~109 | 93.2~108

PFHpA | 101~111 98.2~107 91.3~106 PFDoA B | 89.7~111 | 92.1~114 | 108~119
B4l | 98.8~112 100~114 90.1~103 5= 102~116 101~118 | 97.6~111

F—4 100~119 | 95.0~108 91.4~101 %—4 | 90.6~105 | 93.7~108 | 91.5~113

PFOA | 104~112 104~111 100~110 PFDS B | 56.1~64.1 | 62.0~72.7 | 75.7~82.9
= 106~119 103~119 85.4~95.7 %4l | 83.8~97.4 | 88.8~114 | 98.7~116

- 105~118 | 97.9~111 102~117 g 110~113 112~113 | 110~114

PFHxS 4 102~113 101~107 98.2~107 PFTrDA B4l | 90.7~112 | 85.0~107 | 91.5~112
=2 | 87.2~105 85.3~98.3 83.2~89.3 =2 | 87.2~98.1 | 83.1~112 | 88.1~111

2.1.4 ARIa] pH #y 4k
SUAAL N AR B2 Y 6 A4l K K RE Y pH 43
WK 8~9 . 7~8 .7 .6~7 .5~6.4~5 3~4 . 2~3  1~2 .0~1,

SR 5 XIS [A) pH 2H K K FESEA T bR 52 46, Horp 14 Ff
PFCs ¥R 347 10 ng/L, NFRUE B 1210 10 ng/L, 4% 1R
AENE S 56 A0 BRIEA T A, S5 R DL 2.

400 o TR a2 AR o R o T Beli iR

50 a4 LR oRfER RO L o TR
.. LES RS LA ool TR et m
% 300 LR R T L S By et 1
g 250
=l 200
l,’:é 150
=

100

50

0
0~1 1~2 2~3 3~4 4~5 5~6 6~7 7 7~8 8~9
JKHE pH

2 A[E pH 7K A 14 Fh PFCs B 04w [E1 14 2=

Fig.2 Spiked recoveries of 14 perfluorinated compounds in water with different pH
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AEL 2 7] DL, 24 pH<T I, 77 7E L3RG 5
T 120% (4 ;24 pH i 71, 14 Fh PFCs fY [0 i R
BITE 80%~120% Z 1] ; *4 pH ky 7~8 il 8~9 i}, 14 Fif
PFCs Y ISR AE 70%~130% 2 6], Ft, Jg 7 AR3E
T 7 235 SR 0 A R ST 0 o R A BT A6, 5 KA
M pH M T,
2.1.5 PRSI L

fic il 4 2L AR R A L 14 Fh PFCs ¥ FE 348 10 ng/L
B4l K KRR BT R P (PP AR, o W41 4 °C
PLUR B ARAT, 53 AP AE-20 CF R RIS, 6 d
JEBH . —H B UK FE R — A KRR = IR T
CE 5 —HR TR IR T A SRR 5 R
TR — 2 T 7 N DR AL AT RS PR, 30
min 5 BB TR RS 114 4KEE 4350
A 9T NFRY) , NFRVR B 10 ng/L, IR AT J5 RE0N, 43
S E 6 K, T 14 F PFCs B F 21 bx =1k

RIS,
“ABARAT6 A +ARARAT 6 dJ5 HE A IR 30 min
2000 A6 d R VRIRTE 6 d SR AR 30 min
§160.
=120
=
B gl
=
40+
St s s s E s b
E X om o K f By oK & ] ] E
EEEREEREERESR+ + B -
HEE L HHEDHHEEE E K E
= = B H H B ¢
& & & pa

B3 REVRE RS 4 Tk 14 5 PFCs By AR EI 2
Fig.3 Spiked recoveries of 14 perfluorinated compounds
in water under different sample storage conditions

MIE 30T LU DRAT A6 0 2 70 75 3R 3 X
AR AT — R AT =R A AR [
MR 5 SR VA R ARAT SR ) 7 4135 30 min 977
AR 14 Fh PECs B IAR [T 3 B A L 6 Uil
SE P 29 AR SR AE 91 19%0~116% 38 A
W, W S KR e L ORAF 25 < v VR R AF+ D0 5 i i
s IRGs .

2.2 FiEEH
2.2.1 LM REFIAG R

H AR J5 1) 18 2 TR 26 2% A AR 23 A
e W EE S99 0.5.1.2.5.10.,20,40 ng/L HY
14 Fift PFCs TRA R VR, AR O Bl AR Y1 J3E 4%

10 ng/L, HEST N FRARIEIZE . 285 i S0 ik
R, PFCs TE5 % H AL XN 1) N FRIEAT N FRik T
BEIE, INATBOBRE T 26 ORTEE bR ISR S5 45 2R
HONARSE , (HUR P H AT 5 Y PFCs INARY R
b AR KB PFCs PSR, HL PFCs WA A £
B, PRI, 0P 5 00 A B 530 1Y A BR LR
UEZS SR A HERR I o

Xt 7 AN IARHE 354 0. 5 ng/L 9 41K K B 5341
HEATINSE ,F5 MDL=t, o o0 Xs THE D7 K6 HIBR , 24
SERESE =TI} 1,10 00 9 3. 143,14 Fl PFCs B4 H
PREGRIA 3,

&3 147h PFCs gufmife #h £ 18X REFIK R

Tab.3 Standard curves, correlation coefficients and

detection limits of 14 perfluorinated compounds

teew | PERAR e :
PFBA 0.2 y=0.082 6x +0.010 4 [ 0.999 6
PFPeA 0.1 ¥ =0.035 4x + 0.007 5 [ 0.998 0
PFHxA 0.03 y=0.099 8x + 0.0111[0.999 6
PFBS 0.1 ¥ =0.175 5x + 0.005 1 [ 0.998 0
PFHpA 0.04 ¥ =0.128 9x + 0.001 6 [ 0.998 0
PFOA 0.2 y =0.065 3x +0.004 8 [ 0.999 0
PFHxS 0.1 y=0.083 5x + 0.0155|0.997 0
PFNA 0.1 ¥ =0.075 8x +0.008 3 [ 0.998 0
PFDA 0.1 ¥ =0.089 6x +0.004 0 {0.998 0
PFOS 0.05 y=0.082 1x + 0.004 2 [ 0.998 0
PFUdA 0.1 y=0.084 7x + 0.028 71 0.997 0
PFDoA 0.1 y=0.114 9x + 0.025 2 | 0.999 4
PFDS 0.1 ¥ =0.035 5x +0.003 2 {0.998 0
PFTrDA 0.2 ¥ =0.050 8x + 0.010 4 [ 0.998 0

2.2.2 FEHEMEICR

P il B A 1.5.20 ng/L B9 14 Fft PFCs 4li7K findr
SEATIKFEAS 6 3, Xof b F 7K L R KR S A7
A [T 383 2 S, SEBRAKAE bR v R 1.5.20
ng/L, 53 EC i 6 43 AR /K AR HEAT I E | 45 5L an 3k 4
PR

H12¢ 4 7] LA H, 1450 PRCs A% b R 1Y
afi 7K i BSR4 7 80. 5%~119% 22 [6) , A X #rs i
w2539/ T 10% 5 14 Ff PFCs (149 H 22K b [ i 48
70. 0%~119% Z [] , Hy T 7K I A 51 0 %6 72 72. 4%~
118% Z [A] , AT AR 22 34/ F 10% .

F 38 BH 14 B PFCs Y bR [0 23 RIS 2% 45
U TR A 5
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R4 14T PFCSAR . 5 iR B INAR B B Y 2= AN A5 25 B

Tab.4 Recoveries and precision of low, medium, and high concentration spiking for 14 perfluorinated compounds
%

o afi K it HE A bR T K bR
MRk | hRE | mWRE | IR | PR | AR | IR | PR | ERE
PFBA 101(3.1) | 95.0(4.8) | 95.9(1.4) | 98.7(9.9) | 103(4.0) | 89.9(5.8) | 87.8(3.2) | 103(7.0) | 100(3.8)
PFPeA 110(6.2) | 106(4.7) | 114(3.3) | 92.8(6.3) | 114(2.6) | 110(4.9) | 94.2(5.2) | 107(4.2) | 104(2.9)
PFHxA 107(2.0) | 110(2.3) | 114(1.8) | 93.8(5.8) | 97.0(3.1) | 101(2.7) | 99.5(4.0) | 105(1.4) | 103(1.9)
PFBS 104(1.9) | 102(2.8) | 105(2.7) | 101(5.9) | 107(2.6) | 108(2.9) | 98.3(5.3) | 109(5.8) | 106(3.1)
PFHpA 103(3.1) | 94.4(3.5) | 102(2.8) | 78(3.1) | 73.4(3.4) | 77.7(2.5) | 75.8(3.0) | 75.9(2.0) | 77.9(5.9)
PFOA 102(5.2) | 97.4(2.1) | 100(1.9) | 96.5(9.4) | 98.8(9.0) | 102(4.1) | 105(6.6) | 95.6(5.6) | 90.6(5.2)
PFHxS 96.4(3.3) | 114(2.7) | 111(3.5) | 98.5(5.5) | 111(4.9) | 104(2.1) | 95.7(4.2) | 107(4.6) | 108(7.5)
PFNA 95.5(2.5) | 104(3.5) | 112(3.5) | 95.5(7.3) | 101(5.1) | 101(5.2) | 105(8.5) | 84.8(4.3) | 92.3(5.5)
PFDA 98.1(4.9) | 93.7(2.7) | 101(3.0) | 101(5.5) | 102(3.0) | 105(5.0) | 101(7.7) | 98.9(5.7) | 94.9(5.4)
PFOS 92.5(1.6 ) | 99.8(3.2) | 104(2.8) | 98.6(5.6) | 102(3.5) | 96.9(1.6) | 98.9(5.5) | 94.9(4.8) | 93.0(3.4)
PFUdA 85.6(3.2) | 116(1.5) | 110(4.1) | 87.8(5.3) | 96.6(4.7) | 92.3(6.1) | 96.1(5.5) | 97.6(4.0) | 99.4(3.1)
PFDoA 101(8.7) | 100(4.0) | 106(6.2) | 93.6(8.0) | 99.8(9.1) | 101(7.2) | 99.8(6.0) | 94.2(4.5) | 92.3(8.0)
PFDS 84.8(3.5) | 89.8(6.6) | 83.5(2.8) | 82.8(5.5) | 93.2(4.0) | 91.1(8.9) | 92.1(8.2) | 87.2(5.7) | 89.1(2.9)
PFTrDA 91.0(8.9) | 105(6.9) | 103(4.7) | 101(7.7) | 107(6.3) | 101(8.7) | 95.3(5.4) | 86.0(3.7) | 89.0(6.0)
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B KFEE E I E 3K, TS (E AN 5 5 B
o ATLLUE Y FEAS[EIREE KR T PRCs Y945 AN [R)
FE IR H

R®5 LPR/KFEF 14 Fh PFCs BOR B

Tab.5 Concentrations of 14 perfluorinated

compounds in actual water samples  ng-L™
e KPR IRPEAK | KPR | ST | Rt T
FE1 FE2 3 K K
PFBA 1.00 2.50 3.89 3.16 6.48
PFPeA 0.71 0.67 1.9 1.55 1.02
PFHxA 0.64 0.58 1.39 1.06 0.27
PFBS 0.91 0.42 1.32 1.12 0.61
PFHpA 0.27 0.19 0.41 0.24 0.09
PFOA 2.77 2.53 2.29 2.15 1.27
PFHxS ND ND ND ND 0.22
PFNA 0.43 0.23 0.42 0.47 ND
PFDA ND ND ND ND ND
PFOS 0.81 ND 0.53 0.55 ND
PFUdA ND ND ND ND ND
PFDoA ND ND ND ND ND
PFDS ND ND ND ND ND
PFTIDA ND ND ND ND ND
T NDAREAKH .
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