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76 B b 0.083~1.56 ng/L. Am AR 4 R B AR B, £ AR A K (s 7R K ) 69 e AR w0 b
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SPE-UPLC-MS/MS for Determination of 17 PFCs in Water
WU Jing-jing, GUI Ping, GUO Feng-qgiao
(China Academy of Urban Planning & Design, Beijing 100044, China)

Abstract: A method for determination of 17 perfluorinated compounds (PFCs) in drinking water
and source water was established based on solid phase extraction—ultra-performance liquid
chromatography—tandem mass spectrometry (UPLC-MS/MS). The water sample was extracted by WAX
solid phase extraction (SPE) column and determined by UPLC-MS/MS. The separation was performed on
a Cortecs C18 column with mobile phases of water containing 2 mmol/l. ammonium acetate and methanol/
acetonitrile (80:20), and PFCs were analyzed by using multiple reaction monitoring (MRM) mode, negative
electrospray ionization and negative ion scanning. Background interference was eliminated in the whole
process of sampling, sample pre-treatment and detection through optimization of the pipe material and trap
column. The linear correlation coefficients (R*) of 17 PFC standard curves were all greater than 0.99, and
the limits of quantification ranged from 0.083 ng/L to 1.56 ng/l.. When adding standard solutions of 4
different concentrations, the recoveries of drinking water (product water and pipe water) were 65.0%—
117.8% and the relative standard deviations (RSD) were 0.13%—-17.93%. The recoveries of source water
were 67.0%—117.8%, and the RSD were 0.60%—18.71%. Compared with 11 PFCs detection methods
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proposed in the national standard, this method has the advantages of high sensitivity, good stability and

high detection efficiency, which can detect 17 trace PFCs in drinking water from source to tap.
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IERXIIACHERREEA L)) . EE )R (USEPA)
M 2009 4T 8545 PFOA Fl PFOS #1) AR FH K i 1 75
YL W75 BA. (Contaminant Candidate List) 1, 3 A4 T
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UPLC-MS/MS;  background interference;

PFCs

TLRAE T 23 DR IAKKBE BT 8 Pl 2 TR AL &, &
PR JE JE N 8. 9~568 ng/L, % 4 PFOS Fl1 PFOA
Zhang ZE543 M T LGNS K AL B 14 Fp 42 55
fE& W, 3K I 4 FUAL & W 43 51 R 2 452
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SHEAA Y KoK P A FAL A YR, 3B R
FHEARAEH, 1SO 25101:2009 PFAL T DU Fif [ AH 2%
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P14 e ZBOUBOR 3 R B B AR ) s, AR X 42
W HE TG PR K AL 6 PFOA I PFOS %5 76 P A 11
B PR R A

28 R [ R A R — 8 o OB €0 3% — HR K B
T X R AL BT R AT AT BR T 2wk Y
BT 50, A D RS R AT AR AR I R KR
IKPEIK 17 R WA TR S Y IR B A I 2K
1 FBRRS
1.1 X35

R e SO LT A Acquity , DUBR AT H3 B BT A
TQD, ¥ H 3¢ [ Waters 23 7] ; 12 L F 3 [& 1 25 B
£ A S RENT- v
1.2 s Fnar el

17 B4 AL & YR & AR IS W W A 36
Wellingtons Lab, #¢ BETR A 2 mg/L, 571 0 ;9 4
WAL S YN BRI SV W A S [E Wellingtons Lab,
IR N 2 mg/L, 50 BUREL “C U, a0 o F e

17 B4 AL & YR bR (L35 13 R4 FUR IR 1 4
Tl 42 e FE RS , 2300 4298 T R (PFBA) (42 98K
2 (PFPeA) A9 C R (PFHxA) .2 HUBR (PFHpA) |
DRCEERR(PFOA) 2R (PFNA) (A R2E R (PFDA) |
It —PR(PFUJA) 29+ R (PFDoA ) \ 29 1
=M (PFTrDA) (&9 1 PURR (PFTeDA) (498 17N R
(PFHxDA) 4= 38+ /\ 2 (PFODA) | 42 % T e fif IR
(PFBS) | 42 9 L %t fiff 2 (PFHxS) | 42 98 o il iR
(PFOS) (IS LERH R (PFDS)

9 42 R AL B W) N AR S 7 Fh A JUR TR N bR A
2 Fofr 4 96 e B B R N A L 0 0l O A TR N bR
(Perfluoro—n—[ *C4 ] butanoic acid, MPFBA) \ &% C
2 N #5 (Perfluoro-n— [ 1, 2-"C2] hexanoic acid,
MPFHxA) . 4 % °F 8 N #» (Perfluoro-n-1[1, 2, 3,
4-"C4] octanoic acid, MPFOA) . 42 i £ & N #»
(Perfluoro-n—[1, 2, 3, 4, 5-*C5] nonanoic acid,
MPFNA) | 4 98 %% iR M 4% (Perfluoro—n—[1, 2-"C2]
decanoic acid, MPFDA) . 29 +—BRN#5 (Perfluoro—n—
[1,2-"C2] undecanoic acid, MPFUdA) . &%+ &
N #r (Perfluoro-n— [ 1, 2="C2] dodecanoic acid,
MPFDoA ) . 4= 9 C % fith ik N # (Sodium perfluoro—1-
hexane[ "*02 Jsulfonate, MPFHxS) \ 4987 Se it FR N A
(Sodium perfluoro-1-1[1, 2, 3, 4-"C4] octanesulfonate
MPFOS)

4 HE : Isolator column, 2. 1 mmx50 mm, Waters
NS
[EAHAE B . WAX, 6 mL, 150 mg, Waters 23 7 .
Bk & 14
B s B IR (ESD s A = s
A9 5 A 7 35 2 S B s S (MRM) 5 B 40
EHE 1.2 KV BT IR - 500 °C 5 v 7] Ui
700 L/h LA i - 50 L, il Ao 17
P AL Y L O R AR Y B 5 R HE L
FEFInliE RESE SR 1.
F1 NATHEELESWR T AFREIR E B E KL S8
Tab.1 Retention time and mass spectrometry
parameters of 17 PFCs and 9 MPFCs

1.3

ﬁ?é’ AHXT | BEEg ESES HESL —_—
WooH | BHE| ST | F (s () HL R/ eV
min | i z) Vv
PFBA 1.04 | 214 | 213 169* 14 10
MPFBA | 1.04 | 218 | 217 172% 14 10
PFPeA 1.78 | 264 | 263 219%* 14 10
PFBS 2.06 | 300 | 299 80*,99 45 30,28
PFHxA | 2.45 | 314 | 313 |269%119| 14 10,20
MPFHxA | 245 | 316 | 315 |270*%119| 14 10,20
PFHpA | 3.14 | 364 | 363 |319*%169 | 14 10,18
PFHxS | 3.38 | 400 | 399 80*,99 56 32,30
MPFHxS | 3.38 | 404 | 403 | 84%,103 56 32,30
PFOA 4.00 | 414 | 413 |369%,169 | 14 10,18
MPFOA | 4.00 | 418 | 417 |372%169 | 14 10,18
PFNA 494 | 464 | 463 |419%169 | 16 10,20
MPFNA | 4.94 | 469 | 468 |423%169 | 16 10,20
PFOS 5.16 | 500 | 499 80*,99 60 30,28
MPFOS | 5.16 | 504 | 503 80*,99 60 30,28
PFDA 5.87 | 514 | 513 | 469*%,169 | 16 10,22
MPFDA | 5.87 | 516 | 515 |470%169 | 16 10,22
PFUdA | 6.74 | 564 | 563 |519*%,169| 16 11,24
MPFUdA | 6.74 | 566 | 565 |520%,169| 16 11,24
PFDS 6.88 | 600 | 599 80%,99 70 | 50,34
PFDoA | 7.48 | 614 | 613 |569%169 | 16 12,24
MPFDoA | 7.48 | 616 | 615 | 570*%,169 | 16 12,24
PFTrDA | 7.81 | 664 | 663 | 619*%,169 | 16 12,28
PFTeDA | 7.97 | 714 | 713 | 669%,169 | 18 12,30
PFHxDA | 8.17 | 814 | 813 | 769%,169 | 20 12,30
PFODA | 830 | 914 | 913 | 869*%,169 | 20 15,30
H: “NERTET.

1.4 ®wEiE&G
{23141 . Cortecs C18,1. 6 pm,2. 1 mmX100 mm,
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TSI - A A 2 mmol/L B/ HF I, B N Y B/ LU I
(80:20), i K 0. 4 mL/min. BEEEVEBIRT I3 2,
R2 RIBEHBEERRER
Tab.2 Mobil phase elution procedure
fiffl/min | WA

1.0 | 6.0 | 7.0 | 85 |851]10.0

WA | A | 35 | 50 | 70 | 90 | 90 | 35 | 35

50 | 30 10 | 10 | 65 | 65

MS%u% | B | 65

1.5 #RERRKECH

FEHL 0.5 mL R & 4 MEWS W, Y B /K % W
(1: 1) EZRZE 10 mL, Bl i A% 100 we/L AR A Hr Efik
BV W PR H SV W (1 1) R R, B ol b
HER IV, NAR AR N 5 ng/Lo
1.6 #HRLIE

S T 20 [ AR A U Ry 5 it B R AL 3R 3%, il
FPEEK B E Ry s FEAE 1, 55 1 B8 1 38 A (WAX)
VEMRE S A AR . T KERZR 0. 45 pm FLER
HIBE IS EAE . BUS00 mL KRR, iTA 5% (1AFR
O3B0 R BB NS ng/L N FR . FH WAX [#
ARAE O X H AT e 4 g Ak 70 g . 4 mL B (4
mL, 19 27K F EEE W (R TR0 4 mL 2K AR YR T
b WAX [ AHZEIUINEE o bR PR A 2 3 /s,
FESE UG R 2% B R K e Tk vk . AR
WE /NS MU 4 mL 1% 87K W BV TR 4 mL
REHEATURIN , G TR . H5 BRI TE 45 “CRIB A
HFRWRER T, HREKER(:1DERZEOS
mL, FEHLSHT
2 ZR53®
2.1 BUE&EGmme

G PR R TR N 4 T Mo STt T 39 SR R M ) ok
oy B O 5 A C F,,,—COO Al C F,,,—SO0, ",
DALt >R FH i s 5 1L g U 67 2 R X (EST-) o
2.2 BIEXGHRL

A FIE HE R R RN 4 ot B R 1Y F2 AR S 4 1
R B, — PR SR A A [ 1 S AH 18 A
AT 4r B, 3% £ BEH C18 #F | Cortecs C18 £ Al
Cortecs C18+AE AT T X328, 25 R FEW i
BEH C18 #2255k 5 ) 4k BA Bl [B) SE 4K | WP AR 2%
i F Cortecs C18+#1:Hf AL & WA m b R T
15% 2o A7, e & 4% Cortecs C18 FE LUGIIE KL 514 nji
o (B A3 B

L AR A BIUAH SR FH FH RS, i o7 A o 338 Jn

HBROR 2, R NGRS R RS T IR Z
BER FHR A i sh A, fe 28 5 F 5/ 2 5 (80: 20) 1
RATHUA o B AE A K AR A 2 R B B AT LA
AL A YR E AL, B 5 s A T 2R vk
MK 2~20 mmol/L B 4= F5 Ak A 1 114 i 10 (B 1 53 25 1
i, 2 BB TR 0 e JEE (A AR, R o 4L 40 Wi i
{EA PR AT, P B8 B (B) 48 00 EAS s ) 43 B, e 48k
FE K AH Y TR B B R 2 mmol/L. AR 19 17
Pl A AL A 04 BB -3 (TIC) 3% LI 1

16
15

. 14
4 13
3 6 8 10
| ZML M K AQA A “AH 17
0 100 200 300 400 500 600 7.00 8.00

t/min

1.PFBA 2.PFPeA 3.PFBS 4.PFHxA 5.PFHpA 6.PFHxS
7.PFOA 8.PFNA 9.PFOS 10.PFDA 11.PFUdA 12.PFDS
13.PFDoA 14.PFTrDA 15.PFTeDA 16.PFHxDA 17.PFODA

Bl 17HEstEMaTIC BikE
Fig.1 Total ion current chromatogram of 17 PFCs
B4R T iR AL
DA U/ 3 5 X 4 S e K R TR R 4 TR e i i TR
Fi%y i ZU IR R, K% R DU 9 2 04 1 Jo 4 A Y PRCs 5 1
R IR R B R S A BUA R A R RE A
PFCs 1Y k5 by AR B P ] A R ik Bt 12
B TR AR AR [F]AH ZE BN AT 38 P 53 A S5 i~ 4 [
HHZEHURE (HLB) 555 BA B 5 52 e A (WAX) . HLB
HERY DR N- i SE g Be i - — Z 4R R 3L 5 )
S — 3 I [ AR 2 IO, 17 WAXOHE A9 SRR Ry N—-
L B IS Bl - — 206 K -CH,- R W& 3, B A7 5
HLB AR AL E, R it BA B g 7 e 4 e
Xk FEAIESE P e 3T R 2 IR B9 25 BURRCR , 45 2R L
Bl 2. % F K AE R PRCs, LB [ HTAE UK A A UK
AT WAX EAHAC R , (HX TR 68 PRCs R,
WAX AR 2 HORE B9 28 ROSCR 20 A0 T HLB AT .
PFCs [ B3 A B E CO~C 11 IR T Bl i A A% HURE Py 2K
ORI 100% Zi A7 o Bl K FEBUE (C4, C5) I,
ARG YR RRYEAR 9, B TSR I o L A
HLB F AR B HS . MK R (SC14) 1), 4
WAL G W R AEMERT 58, 5 WAX A Y B 1SS A
PSS , AR AE AR T 0 o5 5, HLB [ A 2 BUR: A9
AIPICRFEIE T WAX A . (H AR 5B, 25 (8] A2 B

i 7 {1

2.3

« 31 -



%385 H 12

OE 4 K HE oK

www. cnww1985. com

A, 5 AR 2 TROHE 9 SEURE & A AH B AR FH R ORI
XA TSR A A T\ K B, HLB Al WAX
HAE R AN AR S 20 78 WAX [ AH A6 BiUA:
AT PFCs WA UK 4 . 5 JE 31 WAX Y DR ¢
PR, UE LI YR FH 4 mL 1% 27K B A R .4 mL
HEEUEAT , A1 )5 T 45 CKIB A TRREIL T,
FHH BRI (1: D ERZ 0.5 mL, LT .

120 \
8 WAX
1
s 100 = LB
o 80
= 60
—y
= 40
20
0 i I
< < N < < N N N < <
m U8 X aXozZzO0O AR saaAaa
FEEEEZEEERERPEEESES
& ol - &~ Q-EEEE:

B2 f#AWAXHEEFD HLBAERS 17 Fl PFCS By mAR B2 (n=4)
Fig.2 Recoveries of 17 PFCs by using WAX and HLB
SPE columns (n=4)

2.4 FHHIHERR

JRAE AL A DI E B, BRI R
5 LA i e R B YOG HE . SRAE I JH 3R 2 0
TR VMR, n] G 5 SR R 2245 P ) PFCs
Ve 3 T I, R T A S B T S [ A A IRCR
(DLIET 3) BEAT /KA R A U 4

{ ] PEEK 4 5 A9 A AR AR A BE AN 540 1 D8
ST Bij 1k Sl 1R AR IO A8 B R PRCs B 7
JRE ST, WLIET 3 Ca) o B SRARE A o] AH 2% ST o B
7 FH 5 RS o A B O A WRORE (3 o A RO
W IR PEEK A 5 sl A5 8R4 5 6
(1 PFCs % i 15 pTT 5t 0, IR it A S i 4 PRCs
AP, WL 3(b)

PEEK &
=T
b. AR LN E

o T B
H3 HEENTHERERES

Fig.3 Manual solid phase extraction device after

transformation

SIS e PR RAE €535 19 2 T 5 PEEK M4 J5
Jo BEREAl K 25 AT A PRCs K HY |, HEI I U8 T3 sh A
R, SCTE IR s AR TR A A% 5 7 B 4 A (Tsolator
column) DAV BRICER 7375 5t T4, i AR 22 01 1 DL
BE13(b) o LAAMAERETT 5 Si7KFE S 0 9 i & 0
Bl 4, T LA 2 e il A HE i 2l K 23 11 9 63 14
Ha] DL i H PFUAA \PFDS PFHxDA FI PFODA
) 0 35 U, 22 e il B A I O B B[R] B AR AEE ), ik
25 R PR X 4 Fh A IR A W ) e ik 0 1
LERAHEM G e — LB T 5T

7.85
PFODA 100-

¢
PFHXDA 100-

¢
" PFTeDA m:q

o12¢
PFTDA | | 100
7
: il

13
13 MRM o1 2¢ lat0 of
100, ER oM e PFDOA 100 PR TN e
soo- ] s L 7l [ VY
T 500 600 500
80 12

'
PFDS 100: B s PFDS
766
% 1 oo
b T 5bo 650 | 700 750 800 550
0 1 MRM of 2. lato1
5.65
100- PFUdA 100- 668 PFUdA
ol W o | WIS HEN ]
T s 5 750 %600 | 650 | 700 75 800 850
|nos 10: MRM of 2 ¢ o
+894.995.65 PFDA 552 T 652661 PFDA
109 * 582 100 TN Less
¥ et W LA #] ke taddlalbldd
00 5.00 6.00 00 8.00 550 6.00 6.50 7.00 750 8.00 850
laos0 9 MRM of 2C lat01 RMof
425 570, 5%
9 PFOS 10075525795 PFOS
,] 4204] 340 509 ﬂw
Wbo 560 8B 760 " 860 550 | 600 | 650 | 700 ' 750 | 800 | 85
lnoso 8 MRM of 2 ¢ lat01 8 MRM of £
498416 PFNA 100y 554569 PENA
p2)
slo, Aigizess - 2
4.00 5.00 6.00 7.00 8.00 550 6.00 6.50 00 50 800 850
S RrRe ks =
a. LI b. %R

B4 ZERMEHT EHEAKEEHNEIEE
Fig.4 Chromatogram of pure water blank before and

after installing isolator column

2.5 ZRIESEEFNK H R

FEPACR ST, e v 5 AR 380 155 8 IR T
R DA 2 3 U SO VAR R N A S AR
JEE B FU A R B A, A4S A 43 25 - o i T B
BRI T R LU AE AR R i A TR PR 1551 17
il PRCs (LR PV Bl e 7 R A 56 R %0

R 5 (B W 53 B 5 s 1 3T B AR 3 0] )
(HJ 168—2020) (1) BL R Aff 7 45 PFCs A K H FR A
SRR N IR B R P AT 7Y TR
PRUEMR 22 SD, LA 3. 14xSD R4 HBR (LOD ), L 4 £%
LOD Jy5E 5B (MQL) . 17 Flt PFCs 14 28 1 0 il L 4%
PEITRE AHC R A R A R L 3. AT,
17 Fh PFCs F o 1 9 B A 2R 91 BBl P 247 45 6 i 0 52
RUFIZMEIC R HCRE(R) 0. 992 0~0. 999 7,
R ok . JrER R 0. 021~0. 077 pg/L, &
PR M 0. 083~0. 308 pg/L. FESHHELE T 100015, %
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bR dh,

: B 48 22 FR—UPLC-MS/MS %] & K ¥ 17 FF 4

AL

% 38 %A

% 12 2

Vzan

[ A A B Ah B ) 52 ), AT SIE PR SRR HH FR T GB 5749—2022 1 PFOA #1 PFOS F BRH L2 , 7
0. 021~0. 390 ng/L, ‘EH R 4 0. 083~1. 56 ng/L, Lk AHMIER .,
F3 17THWHPFCsHLMETERE &MAE BAXRH KLHRMEEZR
Tab.3 Linear range, linear equation, correlation coefficient, MDL and LOQ of 17 PFCs
PFCs RV Ml (g 1) EVEYF ACRER) | BhiBRApg- L") | R (ug L)
PFBA 0.2~20 ¥=0.850 1x+0.022 9 0.999 3 0.031 0.125
PFPeA 0.2~20 y=0.727 5x-0.000 3 0.999 7 0.039 0.156
PFBS 0.2~20 y=1.138 8x-0.004 0 0.999 7 0.022 0.088
PFHxA 0.2~20 ¥=0.926 9x+0.005 6 0.999 7 0.039 0.154
PFHpA 0.2~20 y=0.958 6x+0.007 8 0.999 5 0.028 0.109
PFHxS 0.2~20 y=1.123 8x+0.021 3 0.999 6 0.037 0.146
PFOA 0.2~20 y=1.027 0x+0.012 5 0.999 5 0.027 0.106
PFNA 0.2~20 y=0.953 2x+0.008 6 0.999 7 0.033 0.129
PFOS 0.2~20 y=1.786 4x+0.015 0 0.999 7 0.033 0.130
PFDA 0.5~20 ¥=0.930 3x+0.009 4 0.999 3 0.059 0.236
PFUdA 0.2~20 y=1.008 0x+0.017 0 0.999 4 0.021 0.083
PFDS 0.2~20 y=0.644 1x—-0.000 4 0.999 7 0.040 0.158
PFDoA 0.2~20 y=0.962 6x—0.003 3 0.999 5 0.036 0.142
PFTDA 0.5~20 y=0.948 1x-0.010 8 0.999 1 0.077 0.308
PFTeDA 0.5~20 y=0.945 1x-0.010 1 0.998 8 0.054% 0.216*
PFHxDA 1~20 y=0.732 0x-0.015 5 0.992 0 0.037* 0.146*
PFODA 2~20 y=0.217 7x+0.000 3 0.993 9 0.039% 0.156%

Tk

* R B RE AT AR R AN
SRR I 20% , PFODA [ X4 TSR I 109% , W SEBRAs: H FR MDLL =

PFTeDA \PFHxDA .PFODA 46 1 BR 435127 0.108 ,0.185,0.390 wg/L, iE

$Lﬁlﬁluﬁc$
ERPR M4 0.432.,0.740,1.56 gL,

B, 2 R R A R A R A 52 PFTeDA 13-4 [T %4 37 50% , PFHXDA FY
LE FRRLOQ = 4MDL, R

2.6 fnAREIEHKTE
] A= T AR K CHB T K I ZK) FK K o
B4 DU K- (0.5.1.5.15 ng/L) Y PFCs, 4Rl 7k

TR F) Ao e P2 P47 000 5 6 U
&4 W KPMIRARE

7 KA Y e
MR K TR 14 B0 & SEAL B BO AR EL U FOAE R AR A

BE 5[] R R0 AE SR e 2, 45

a7 0 L 4~

,A¢Wﬁmm¥ﬂEW$Uw%ﬁPmmA
()-8 [l i R LA 20% 31, PRODA f) - 827 [ i 5% L)

10% 1t

Tab.4 Recoveries and relative standard deviations of 14 PFCs at different concentration levels in treated water

PFCs 25 FKHEUR B/ JIOAR 0.5 ng/L, JIiAR 1 ng/L JIOAR 5 ng/L JIIR 15 ng/L
(ng-L™) B /% | RSD/I% | BEMKR/% | RSD/% | FCR/% | RSD/% | BIEER/% | RSD/%
PFBA ND 98.7 9.38 91.8 5.63 87.7 6.91 82.6 5.98
PFPeA 1.01 98.9 6.11 86.2 3.44 96.3 2.21 96.9 4.40
PFBS 0.22 103.7 2.95 99.0 2.59 93.7 2.61 97.9 4.73
PFHxA 0.31 94.0 4.12 91.2 5.54 93.7 1.82 97.8 3.89
PFHpA 0.28 78.0 6.41 90.6 2.89 101.4 3.66 103.1 4.97
PFHxS 1.61 70.5 7.46 74.4 9.47 89.7 3.19 96.1 3.34
PFOA 1.14 105.9 7.38 98.2 10.9 93.3 6.00 94.8 5.28
PFNA 0.38 108.8 10.16 96.5 5.08 91.8 2.65 95.5 2.35
PFOS 0.23 90.1 12.64 93.7 11.5 97.4 5.16 102.9 5.76
PFDA 0.20 113.6 13.44 100.2 14.8 88.1 2.44 89.4 2.97
PFUJA 0.47 107.9 6.56 105.0 14.2 85.9 8.21 82.1 3.72
PFDS 0.60 100.5 16.91 117.1 6.87 77.9 10.2 75.5 3.68
PFDoA ND 108.3 11.80 117.8 9.59 86.1 9.45 80.1 11.9
PFTrDA ND 98.9 15.84 113.1 7.55 65.9 15.0 63.6 14.0
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Tab.5 Recoveries and relative standard deviations of 14 PFCs at different concentration levels in tap water

B 25 KR Y JAR 0.5 ng/L JIAR 1 ng/L JNAR 5 ng/L JIIAR 15 ng/L
(ng-L7") FISCR/% | RSD/% | WISCR/% | RSD/% | WICR/% | RSD/% | [EIWCHR/% | RSD/%
PFBA ND 111.4 16.28 103.3 12.84 86.0 8.20 93.9 3.13
PFPeA 0.5 102.0 7.33 107.1 4.19 114.3 3.64 101.3 2.86
PFBS 0.6 108.8 8.53 102.9 4.98 104.9 1.73 102.9 3.14
PFHxA 0.5 114.1 12.33 108.5 9.66 94.3 5.51 98.1 5.91
PFHpA 0.38 89.8 6.94 97.7 2.99 101.6 5.74 94.0 4.58
PFHxS 0.9 97.3 7.24 101.2 13.5 101.2 1.41 100.8 6.70
PFOA 1.9 71.3 12.42 100.5 9.47 90.0 5.12 93.7 5.46
PFENA 0.14 98.4 13.20 97.9 6.01 95.2 3.87 95.9 4.20
PFOS 0.24 103.1 10.81 100.6 11.3 90.1 6.68 933 4.89
PFDA ND 111.8 7.96 100.8 11.3 84.5 3.35 86.3 3.64
PFUdA 0.2 110.0 14.53 111.9 6.29 74.5 15.45 73.8 3.46
PEFDS 0.3 104.2 0.17 96.1 11.2 65.0 16.06 65.7 7.67
PFDoA ND 91.8 0.13 101.3 6.49 66.3 17.93 75.7 7.52
PFTrDA ND 115.1 5.55 97.5 14.2 68.8 10.27 64.3 13.1
F6 KIFEKFMIREAREREKFR 14T E@mA SRR B R EXRERZE
Tab.6 Recoveries and relative standard deviations of 14 PFCs at different concentration levels in source water
PFCs 25 KR EE/ Jn#5 0.5 ng/L JNF5 1 ng/L JNFF 5 ng/L kR 15 ng/L
(ng-L™) FICR/% | RSD/% | FICR/% | RSD/% | BIWC%/% | RSD/% | [AIW#/% | RSD/%
PFBA ND
PFPeA 1.00 100.2 4.16 100.1 391 95.6 1.07 100.8 2.29
PFBS 0.25 101.1 3.40 100.4 3.27 94.0 3.02 96.9 2.73
PFHxA 0.33 102.6 8.23 100.0 5.93 97.0 3.39 100.1 0.60
PFHpA 0.30 98.4 8.07 99.4 3.49 105.5 5.20 106.9 2.77
PFHxS 1.57 116.5 18.71 102.2 9.02 96.6 6.11 99.4 2.09
PFOA 1.06 114.7 16.06 107.0 10.5 96.2 5.24 96.1 2.68
PFNA 0.40 115.7 13.91 103.0 8.72 95.3 6.83 95.6 2.96
PFOS 0.22 96.2 9.12 89.0 5.72 89.5 4.45 93.4 3.58
PFDA ND 115.8 15.05 95.3 16.2 88.8 5.25 94.4 2.74
PFUdA 0.44 92.8 15.78 116.3 13.4 100.5 7.14 102.7 5.45
PFDS 0.66 93.6 10.62 100.1 15.9 80.1 8.49 92.9 5.70
PFDoA ND 116.8 14.87 103.5 14.8 105.6 7.85 105.6 3.13
PFTrDA ND 88.9 6.54 117.8 11.9 67.0 9.01 72.3 4.40
FH 2% 4~6 AT AL 7E 4 FINAR KT, A2 36 O 7K 50 [ sPFBA =PFPeA = PFBS sPFHxA=PFOA =PFOS s PFUdA s PFDoA

o 14 Fl PFCs /9 0 b 171 00 % 28 65. 0%~117. 8%, #H
SIFRUER 2Z M 0. 13%~17. 93% ; /K 5K 1 14 Fh PFCs
B FAR [m 3K 67. 0%~117. 8% , FH X5 i 22 4
0. 60%~18. 71% , K WX 5 IEAE % B MEWR B
AL LA R R 38 AR TR IRR K B K IR K
PFCs B
2.7 EERESINE
R AE A 20 AN [R) SEBRARESEA TAS I, I W] 25
D5 KA bR BT 28 R i, A i 347 A7 0 R
U BOF A, e 25 R LE 5 .

Wl /(ng- L)

5 20 LEREERPERN AW H LMK E
Fig.5 PFCs detection types and concentrations in 20
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actual water samples
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Tab.7 Comparison between the method and method in GB/T 5750.8(draft for approval)

W H D5 GB/T 5750.8 (3t Fin ) 15 ¥
LNy Cortecs C18, 2.1 mmx100 mm, 1.6 um BEH C18, 2.1 mm*50 mm, 1.7 wm
3% 2 i 2 mmol/L Z FR%%+H P/ 2. )i (80:20) 5 mmol/L £ R %%+ i
Rz B 8] /min 15 16
FHE R i A2 LGSR G M R A i FHER PV PR 4%
s amo s |FERRHTARBEIIAR | i S YT Sl AR AR ik £ SRR 5 it 1 A1 30 BEAH ZE U A
TR o | PHA RIS HOR A, b L P
Rt PFCs 37 H1 3 IRAS T 5t T4 s
Kol H bR b 1780 b KA A LA hiE LAY
ST PO e A TR K BRI K AT IR
JH %5 (C4~C6) 0.088~0.156 3.0~5.0
FER R g L") | E(CT~C10) 0.106~0.236 3.0 ~5.0
KgE(Cc11~C18) 0.083~1.56

P2 7 TR BB AT DL, AR Dy R A i A
B394 0. 083~1. 56 ng/L F13. 0~5. 0 ng/L, H:rp A
Ty R R UL G SRR AT IR 0. 3 ng/L
LN o bAh, SR A T e (Rl H K 8 K
UK IEACOKABETT T J5 38 B0 UE TAE , 45 5 5%
B, AR D7 i ] SR FH K 17 FR B AL A 1A
T8 Sk 30 e Sk 19 4 AR OB A A I o A T ik T )
B A K 17 R b K AR SRR A A 13
i 42 R MR A 4 Fh 2 JUR BLPE SL MR , 42 5 1 4298
EA P A5 %

3 &%

O HSL T AR K B KUK HR 17 R4 SR
A0 0 T 31 A A B — 8 o 280 TR R 8 1 — R BEK I 3
SR

2 WAX [ AH ZE U X K BEEA T & B,
Cotecs C18 434, LA 2 mmol/L L TREE - B/ 2
i (80:20) Ay Ui sl AH 14746 B R, 1) P AREAE B8 1
X AT PEAE . PR RE S B A AL PRk
L TINAR 52 50 45 R R B % 0y T R AU S R
PELT 385 FH T AE T R ZK BOoK IR i 17 Fpoes i K
FERRAL SN E

@ X REES AT RLE KRR
£ 1) TF- o) [ A ZE BURE B TEA T i VA 3 A
TR PEEK M4 5 422 AT 4R 4R 45 07 =20, MORFE
Al AL B RGN AE 4 o R A KRR BR T R T
o, it — 24w T Ok R R TR THE R4 A
ARG I ) U

@ A AR KRR T 7 56 8
Ay A HLIEFR) (GB/T 5750. 8, #RAEHR ) o B9 4> 8L
64 PRI 7 A0 L, R i IR IR AN T AR
D5 B TR A R K ARG I Ay S A, 1T S BRI K R
17 FR Gt 4 95000 B 4 DI Sk 21 e Sk 19 4 TR v &
HERRAI
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