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Rapid Determination of 19 Per- and Polyfluoroalkyl Substances in Water by Ultra-High

Performance Liquid Chromatography-Tandem Mass Spectrometry
REN Yuanyuan, KUANG Huicong, LIU Zhibiao“, CHEN Yanmeng, XU Shunuan
( Dongguan Center for Disease Control and Prevention<Dongguan Health Inspection Institute>, Dongguan 523000, China)

Abstract [ Objective ] A ultra-high performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS) method is
developed for the simultaneous determination of 19 perfluoroalkyl and polyfluoroalkyl substances ( PFASs) in source water and drinking
water. [ Methods ]|  The experiment employed UPLC-MS/MS technology for rapid and direct analysis of water samples. Sample
pretreatment method was extremely simple, merely 0.22 pum regenerated cellulose syringe filter membrane was used. Compared to
traditional solid-phase extraction, this method omitted tedious steps such as activation, loading, washing, and elution, significantly
reducing the organic solvent consumption and operation time. Separation was performed on a C,4 column and detection was carried out

in the negative ion mode using electrospray ionization (ESI) source with muliple reaction monitoring mode (MRM) for qualitative and
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quantitative determination. [ Results] The 19 PFASs exhibited good linearity in the mass concentration range of 3—100 ng/L, with
correlation coefficients (r) all greater than 0. 995. The method detection limit (MDL) and method quantification limit (MQL) were 3
ng/L and 10 ng/L. Spike recovery experiments for 19 PFASs conducted at low, medium, and high concentration levels in different
water matrices yielded the following result :for pure water, recoveries ranged from 84. 1% to 125. 4% with relative standard deviations
(n=6) of 1.3%—10. 0% ; for source water, recoveries ranged from 71. 1% to 119. 3% with RSD of 1. 2%—8.3% (n=6) ; for finished
water, recoveries ranged from 73. 8% to 118. 1% with RSD of 1. 1%~7.8% (n=6) ; and for tap water, recoveries fell within 72. 2%-
122.3% with RSD ranging from 0.6% to 9.5% (n=6);, satisfying the test requirements. [ Conclusion ]  Compared with
conventional solid-phase extraction method, this approach demonstrates advantages of lower cost, higher efficiency and environmental

friendliness. It is not only suitable for the rapid screening and long-term monitoring of PFASs contamination in large batches of domestic

drinking water and source water samples, but also provides technical references for emergency detection of sudden water pollution

incidents.

Keywords drinking water perfluoroalkyl and polyfluoroalkyl substances ( PFASs)

tandem mass spectrometry ( UPLC-MS/MS)
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1.2 tRAEMAK T
2.1 5t

i (B2l ) | MG (BT al) , O 1R 8 (i
ali) , DL E 35 2 0 T 1 E Merck 23 7] 515 mL 2.0
BORWEM) ,2 mL 88 EVRE SO0, 25— bk
She%, AR e 5 Kk JE AR, LR 0.22 pm,
500 mL (8B BOHCRAF
1.2.2 FriEY R

PFASs brfEIR AR (1ST031052-50M&1ST015095-

50M, 50 pg/ml, +5%) WK H: R /R 5 B4 A R
23 W] PFASs NARIE AR (MPFAC-C~ES, 2 000 ng/mL,
+5% ) W F NS R R A 7], ASHIE5E 0T AT«
IR AR (P C5-PFPeA ) | 490 R A AR (1 Cy-
PFOA) 2R C Rl MR (°C,-PFHXS) (2SR
P bR (PCo-PFDA ) | 4 JL 3 bt B R 9 AR (Cy-
PFOS) \ & T —M M5 (PC,-PFUA) (29T R
P AR (BC,-PFDoA ) B 4 %8+ DU %8 R Y 45 (°C,-
PFTeDA) , 3t 8 F1, PFASs FafER T E B W 1 s,

&1 FABPUESWHE
Tab. 1 Types of Compounds in the Experiment

EY s FR ARHE I Bl (CAS) 5
AR CsHF,0, PFPeA 2706-90-3
AR C,HF,0, PFHpA 375-85-9
AR CgHF 50, PFOA 335-67-1
ERTR CoHF; 0, PFNA 375-95-1
Eos 10 ] C,oHF 4,0, PFDA 335-76-2

Lt —mR G, HF, 0, PFUdA 2058-94-8
5 i C,HF 50, PFDoA 307-55-1
A= C;HF 0, PFTrDA 72629-94-8
AT DU bR C,,HF 0, PFTeDA 376-06-7
ST R C,HF,0,S PFBS 375-73-5
LFIBERR CsHF,, 048 PFPeS 2706-91-4
A5 PR CgHF 50,8 PFHxS 355-46-4
AR PIBE R C,HF 50,8 PFHpS 375-92-8
ST LR CyHF 40,8 PFNS 68259-12-1
PR CgHF ;0,8 PFOS 1763-23-1
LRSS B R CipF 058 PFDS 335-77-3
6 : 2 EAZ T H IR IR CsHCIF 50,8 6/2F-53B 756426-58-1
8 1 2 SR Z F b HEBETR AR C1pHCIF,, 0,5 8/2F-53B 763051-92-9
4. 8- -3H-2H TR C,H,F,,0, DONA 919005-14-4

1.3 tRERZLE

FH B PFASs BRiEA R BERL 1 000 pg/L
FTR A3 A v H (B, P32 GO A TR 5 B A AR
JriE v B 43 1 10 we/L Fl 1 pe/L, 7EAR G 12
HARAE T S 85

FHFELE: PFASs A BRBRIEZ TR B 200 e/ L
(8 PRI G b o (D, 71 B TEC 45 A AR TR 5 A
WE R, IR MR R 1 g/ L, 0B O P v R AR
FE [l FE 5048

PR BRI (1 2 1) Bofil A 3.5.10,20,40,
80,100 ng/L Fr #E & 5 ¥ W, W s BT 1 Wk B
20 ng/L,

1.4 HEmBrkbiE

PR AESE Y 2 min, MEFIFEEL 2.5 mL ZKAE
TREEECET, FHMA 2.5 mL FEE R 100 pL
WHRYI (1.0 we/L) JE 4R, HEF =Cad D8 282 g, 8
HI 0.5 mL ZKHEHEH 55 25 )5 HRE SO #2 0%, B AL
53HT
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1.5 {XEB&EH HEFLA AR 150 L/h, 19 Fh PFASs & 8 R NARAY
1.5.1 s PR B I E) S i 242 3 R

{34 ACQUITY UPLC ® BEH CI8 1.7 wum, 2 R EERIT A
2.1 mm x 100 mm ( % Waters 72\ 7 , 4;{ 2 Tab.2 Elution Method of Mobile Phase Gradient
18002352) o AHAEAE. 2.1 mmx50 mm ( 2 [E Waters i &l /min A B
ANF B R 18004476) o RETREEH 35 °C, HEREMR 005 izz ZSZ
&jﬂ 20 wL, s AH 2N (i ahAH A) 1 2 mmol/L 20 200 0%
MR B KWW (T 3 A B) 4 AR, RO N 5.0 45% s
0. 35 mL/min; FBIAHEL BEVENL VLGN 3k 2 P 10.0 80% 20%
1.5.2 & 10.5 95% 5%

FRL A2 2y LS 5 f, 8 67 B AR (EST-) 5 4 14.0 95% 5%
TR 2R 22 B 0 W ( MRM) 5 B F VR 4 600 °C 5 15.0 10% 90%
TG HEIEN 0.5 kV; B AR 1000 L/h, 16.0 10% 90%

®3 BHRYHREBEMNERRESH

Tab.3 Mass Spectrometer Parameters and Retention Time of Target Compounds

&Y {3 BRI} ]/ min BB T (m/2) FEF(m/2) ey N VA HiERE eV M
PFPeA 4.29 263. 1 219.0" 10 8 B(C5-PFPeA
PFBS 5.26 299. 1 79.8" ,98.8 10 27,27 B Cg-PFOS
PFHpA 5.78 363. 1 319.17,169.0 10 9,17 P Cg-PFOA
DONA 6. 00 377.1 251.1%,84.8 15 12,20 " C4-PFOA
PFPeS 6. 03 349. 1 98.8%,79.8 25 30,30 1 (C4-PFOS
PFOA 6.39 413.1 369.17,168.9 15 9,8 1 C4-PFOA
PFHxS 6. 69 399. 1 98.8",79.8 10 35,30 (C4-PFHxS
PFNA 6. 98 463. 1 419.1% 219.1 15 10,16 13 (4-PFOA
PFHpS 7.31 449. 1 79.8%,98.8 10 40,35 B C-PFOS
PFDA 7.56 513.1 469.1%,219.0 15 11,18 C4-PFDA
PFOS 7.93 499. 1 98.8%,79.8 10 40,45 " Cg-PFOS
PFUdA 8. 16 563. 1 519.1%,269. 1 15 11,18 1B¢,-PFUJA
6/2F-53B 8.36 531.1 351.1%,82.8 20 25,25 1 (Cg-PFOS
PFNS 8.53 549.1 98.8%,79.8 17 45,48 B (Cg-PFOS
PFDoA 8.75 613.1 569.1%,169.0 20 16,26 B C,-PFDoA
PFDS 9.12 599. 1 98.8,79.8 15 45,50 B (Cg-PFOS
PFTrDA 9.33 663. 1 619.0" ,169.0 20 12,28 BC,-PFTeDA
8/2F-53B 9.53 631.0 451.1%,82.8 20 30,30 " Cg-PFOS
PFTeDA 9.90 713.0 669.0" ,169.0 20 13,28 13¢,-PFTeDA
(C5-PFPeA 4.28 268. 1 223.1° 15 8 3 (C5-PFPeA
B (Cg-PFOA 6.39 421.2 376.2" ,172.0 15 10,18
3 C,-PFHxS 6.69 402. 1 79.8",98.8 20 35,35
B (Cg-PFDA 7.56 519.2 474.27 2231 15 10,18
B Cg-PFOS 7.93 507. 1 79.8" ,98.8 20 45,45
B (C,-PFUdA 8.16 570.0 525.2% 274.1 20 12,18
3¢, -PFDoA 8.75 615. 1 570.1%,168.9 25 26,26
13C2-PFTeDA 9.90 715.1 670.1% ,168.9 15 14,30

FRRER SRR B R T
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2 HRiTig
2.1 FAEMK
2.1.1 FERAA R
FERFEFR IS /R B b, HAsfb & 9 vl B
S EAR L (AR | B0 ) WRRT , 2 17T A it
FEHE RS PR 1 v vl LA % | 52 MR o 4 B o A
7520 01 . BE 3 (GL) #8 MLAT PFASs HLA7 W Fft X
W, HEBCR TR N4 (PP) 2% 1L, JR AT WF 5822 48
PP gRILXT PFASs HYWE M FE RS GL B 3
RLIL, A 75 BBl 2% SR B 2 0L A4 R Y 32k 25 8 JF A1 G
FEXT EURZE Y, AR R 5L 5T, 43 S BE ] 20 ng/L
F1 100 ng/L BYINAREE b, B IR 3 P47
IR EZS XTI, I 125 mL GL RAEHE S PP

SREERRAVE RIS, T 4 CHIE T OAT , 5
ANl e LB s (] A5 A X5 H Bl A9 SR 5
Wi, DA AR R BE (100 ng/L) FRR I 25 5 g 9],
K1 FTR, BRAFE 1 d 5, Bk HEEESS 1) PFASs B2
Zy W R HERE 19 GL A4 5T L 0 7K P A i P K i AR
Rk &% (PFCAs, Cy ~ C,, ) MEEBR KL &Y
(PFSAs) BB 5 W It F PP #4 53, #8404k A 9 1) [l
WOREERART 60% , BfE 2 Al A 224 Hirfb &
YITE GL 1 PP 2 FiobA o I i) iz o R B 35 Fir 344
A7 2 d Ja, GL R FENE 45 9 I3 1 1m] i 2% 7
84.5%~ 111.0%, T PP >Rk ¥ i *f PFTDA F
PFTeDA ISR E R ) 50%, fRAF 4 d J5, bR
PFHxS #b, b & W 7E GL R AL i) [l %6 1
PLT PP RAENE, TEMRBT SR (20 ng/L) S51F T,

T (a) ~ (o) IARARES, BRI 20 ng/L; (d) ~ (1) IIARAES SR EE A 100 ng/L.
El1 PFASs 7 GL 5 PP &% I B4 R B B i8] 546 x4 BE
Fig. 1 Comparison of Recovery Rates of PFASs in Glass and PP Containers with Time
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GL AN PP JH X5 B AR 14 W B AR 1 5 e ot vk
JE (100 ng/L) &4 T g5 R A MM S, 3T
BRI 45 R PP /E N PFASs (1 56 25 %% A1 ) 5F
ARH CL F A, %4518 52 B HRE > i sT 45 1
—3, Ik, 7E PFASs BYAH G5, 43 01 2 R it
SIRTEE, A BT AL IS 25 48 X PFASs 19 1% B 2
B WA R B R 2%
2.1.2 RS ERE

PFASs £ ISR M, i sh A Y pH X H 4 55
RORAT A D3 52 W, E I Sl AR B TEHLAH Hom A S
iR £ 5% P T, AN AN RE B 35 0 (S T | 3 T 42
RGN S ARRE L T, X 3 RO [ B 3 h A BE
778, 28 912 2 mmol/L 1 2 R & 7Kk — /e
2 mmol/L Iy ZFRE K- ZNEM 5 mmol/L B4 2.8 %
K-, FE X B B Ve i AR Iy R AT Ak, 255 5 1B
19 Fft PFASs FE AR H 0 T2 e o7 i, fe 2 e 1
TLEHH A 2 mmol/L 1) 2 BR ¥ /K — 2 , T 3 2k 4%
0.35 mL/min, L3 1 B9 B PR AR 7 247350
HALJG B 19 Flf PFASs 1 8 F AR 19 0 B8 3t e
2 iR,

4
7<10
6+10°
510 6 13
g 4=10° 5 8 18
fim 6 I | 10
310 AP -
2100 ) ; "" ks 17|
1 2 / | | r | ] Hlilﬁ 19
1100 | | RHTRR.
s 'I ..zl: II. .!. AL .I. Al ||_|I. .:..Il.l .1 gl..l.-'. L,
2 3 4 5 6 7 8 9 10

- thf [l /min
U : 1—PFPeA ;2—PFBS ; 3—PFHpA ; 4—DONA ; 5—PFPeS ; 6—
PFOA ; 7—PFHxS; 8—PFNA ; 9—PFHpS; 10—PFDA ; 11—PFOS;
12—PFUdA ; 13—6/2F-53B ; 14—PFNS; 15—PFDoA ; 16—PFDS;
17—PFTrDA ;18—8/2F-53B ; 19—PFTeDA ,
B2 19 7 PFASs M BB FifiE (FREREH 80 ng/L)
Fig.2 Total lon Current Diagram of 19 PFASs
(with Mass Concentration of 80 ng/1.)
2.2 FEEM
2.2.1  ZRAEVE RIS Hi R
W% 4 FiR, 19 Fh PFASs 76 T Yk B 3 ~
100 ng/L FIAIEEEL ()} 0. 995 8~0.999 2, 754
FEHEOR

&4 197 PFASs WEAMAR MXRY BHARBEEMHERBEE

Tab.4 Linear Equations, Correlation Coefficients, Intra-Day Precision, Inter-Day Precision for 19 PFASs

waw L r H AR I i) 2
PFPeA y=1.030 26x—0. 315 736 0.999 0 4. 0% 2. 7%
PFBS y=3.179 59x-0. 733 155 0.997 7 7.8% 4. 4%
PFHpA y=1.209 7x+0.0 697 938 0.998 8 2.5% 4. 0%
DONA y=2.929 14x-0. 427 307 0.999 2 1.3% 1.9%
PFPeS y=1.832 14x-0. 368 373 0.995 8 5.9% 7.8%
PFOA y=1.209 54x+0. 232 844 0.998 7 3.6% 4.1%
PFHxS y=1.204 8x+0. 127 272 0.999 2 8.8% 8.6%
PFNA y=1.155 71x+0. 363 6 0.999 3 0. 7% 4.8%
PFHpS y=2.290 2x—0. 702 974 0.997 9 6. 9% 5. 8%
PFDA y=1.469 67x+0. 152 248 0.998 7 2. 4% 4.8%
PFOS y=1.34 383x+0. 0 589 755 0.998 0 9.7% 8. 7%
PFUdA y=1.05 231x+0. 609 459 0.998 4 6. 0% 4.8%
6/2F-53B y=9.55 996x-3.02 737 0.997 4 6. 7% 6. 6%
PFNS y=1.13 663x-0. 408 776 0.996 7 2.9% 6. 4%
PFDoA y=6.46 565x+0. 74 601 0.997 8 5.4% 9. 7%
PFDS y=1.06 101x-0. 165 715 0.997 0 5.9% 5.9%
PFTrDA y=1.47 022x+0. 774 746 0.998 3 2.9% 3.9%
8/2F-53B y=8.13 203x—1. 76 241 0.997 8 5.5% 4. 7%
PFTeDA y=1.59 374x+1. 31 134 0.998 9 2.2% 5.8%
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AFTELMEME L (S/N) =3 1 S/N=10 435
FE T A BR (MDL) Al 5 PR (MQL) , 53R BR .
KRR R 3 ng/L B, HARYIG S/N(6.70 ~
892. 45) ¥R T 3 ; /KA TR B R 10 ng/L B, HAR
YK S/N(29.51~2 190. 06) #I5F 10, ZE IR A
B, 7 U %E A XS B E R 22 (RSD) M 2. 7% ~9. 8%,
[ #h 95.3% ~ 124.2%., % J7 ¥ 19 MDL Xy
3 ng/L,MQL >~ 10 ng/L, i#iZX} 10 ng/L ¥ PFASs
RAR TR 1 d N 3 d WEEDIE 3 kA%

ASCE R it PN B H TR RO 5 TSGR

MHWNKZRE RN 0.7% ~9. 7%,

1.9% ~9

H 18] 8 % N

7% YET 10% , s Hzes oy i B
KA,
2.2.2  J7RUER R ARG % R

X 2 7K RS2 B ZKRE 245 A [l i 56 DA %5 %%

R 5 19 7 PFASs RIEI R F RSD(n=6)
Tab.5 Recovery Rates and RSD for 19 PFASs(n=6)

D7 VR UEAG E RS 2 B, DU KR A ARG I s A5 0 4
Jt, R gmH, gl gK | KR K R AR RO OK (T
K AR PRI 10,20 .80 ng/L iX 3 > Uk
JEIKF- 1) PFASs , 25 KA 14 [l W 38 OS2 B 3% 5
FoR o B o, gk RNl 84. 1% ~125. 4%,
A FREIR 22 (RSD) H 1. 3% ~10.0% (n=6) ;7K
PoK MR 71.1% ~ 119.3% ,RSD N 1.2% ~
8.3% (n=6) ;] KIS HE K 73.8% ~118. 1%,
RSD N 1.1%~7.8% (n=6); KKK [l it F K
72.2% ~122.3% ,RSD 4 0.6% ~9.5% (n=6) X
[i1] ; SEPR IR K AL B R IR R 30 )L AF, [l 56k
71. 1% ~122.3% , FHUCATHD, B b A0 28 08 2t %
PFASs [ ISR 55k BRAR W6 A2 2R o 4% B AR
Y RSD 4 0. 6% ~10. 0% , 1% J7 1 B A W H AR Y
FaETE,

mEES RSD
aEY
afik K EIK Kk RAIK 4lizk FKIEIK )k KAEK
PFPeA  97.0%~112.3% 73.9%~98.0% 81.1%~97.0% 75.2%~85.8% 1.3%~4.1% 1.2%~2.7% 1.5%~2.4% 0.6%~1.7%
PFBS  97.9%~105.8% 110.6%~119.3% 100. 4% ~118. 1% 97. 1% ~122.3% 5.2%~8.4% 2.5%~5.1% 1.1%~2.8% 3.2%~4.6%
PFHpA  97.3%~113.0% 72.5%~93.0% 82.2%~91.9% 77.8%~89.7% 2.5%~6.3% 1.9%~6.1% 2.5%~3.1% 3.3%~4.2%
DONA  97.8%~115.4% 80.1%~95.8% 88.0%~94.7% 83.6%~93.4% 1.5%~5.0% 1.4%~2.8% 1.2%~1.5% 2.4%~4.6%
PFPeS  101.1%~112.2% 71.8%~90.4% 75.3%~81.9% 84.5%~90.4% 3.0%~9.9% 3.5%~5.9% 3.4%~7.8% 5.3%~5.7%
PFOA  98.1%~116.0% 73.1%~101.6% 77.6%~96.0% 75.2%~96.8% 2.8%~3.6% 3.0%~3.5% 2.4%~3.9% 4.1%~4.8%
PFHxS  96.5%~109.8% 71.2%~86.3% 76.2%~87.4% 72.6%~86.9% 3.0%~4.8% 3.1%~4.9% 3.7%~4.8% 3.5%~4.3%
PFNA 96.5%~111.4% 71.1%~92.4% 79.9%~90.0% 75.8%~90.5% 2.5%~4.3% 2.4%~3.4% 2.1%~3.5% 4.2%~4.7%
PFHpS  99.0%~108.4% 76.9%~87.4% 76.8%~92.4% 81.1%~92.5% 5.8%~8.8% 2.2%~5.1% 2.9%~3.4% 3.7%~5.4%
PFDA  98.4%~110.7% 72.2%~85.1% 78.5.%~84.8% 72.2%~85.2% 3.8%~8.4% 2.3%~5.0% 1.4%~2.3% 2.3%~3.9%
PFOS 100. 5% ~114. 6% 78.5% ~107. 1% 77.3%~100.3% 79.2%~93.4% 8.4%~9.8% 4.1%~5.8% 6.5%~7.3% 2.4%~7.9%
PFUdA  97.9%~111.2% 74.4%~85.6% 79.1%~85.9%  74.9%~85.0 4.6%~7.2% 2.3%~6.4% 4.0%~4.6% 3.1%~8.2%
6/2F-53B  96.8%~108.7% 74.0%~92.3% 76.1%~85.7% 77.8%~84.8% 4.7%~7.7% 2.9%~6.9% 3.4%~4.0% 1.9%~5..7%
PFNS 96.2%~103. 1% 72.9%~88.1% 76.0%~82.0% 76.5%~84.2% 5.8%~10.0% 5.4%~6.6% 2.0%~6.2% 6.1%~7.4%
PFDoA  84.1%~100.0% 72.8%~85.2% 73.8%~82.0% 75.6%~81.6% 6.3%~8.8% 2.4%~3.9% 3.8%~4.9% 4.7%~9.5%
PFDS  97.6%~107.4% 72.4%~90.2% 75.1%~82.3% 74.3%~81.6% 3.5%~8.2% 3.0%~4.6% 4.3%~6.1% 4.2%~5.1%
PFTIDA  103.5%~125.4% 72.2%~84.7% 78.5%~83.7% 74.3%~84.9% 2.0%~8.8% 2.4%~3.6% 3.6%~4.5% 2.2%~5.0%
8/2F-53B  95.2%~109.0% 71.9%~87.6% 73.8%~82.1% 73.9%~79.3% 3.2%~7.5% 3.5%~8.3% 3.3%~5.5% 2.5%~4.4%
PFTeDA  98.4%~120.9% 71.9%~81.4% 77.1%~80.9% 73.6%~88.2% 2.2%~6.8% 2.3%~6.0% 3.6%~4.2% 2.8%~6.2%
2.3 ZRREFEMNE AARFIRRE ARt KRR, T KRR A K B

FHZ 7306 A 5E T B9 /K IR K AR 6 IR KT
T PFASs Wil 2553680 .67 7K EEHR PFASs 1

H PFOA . PFBS . PFOS #il PFPeA, £ ¥ Jii £ H K.
PFOA N 43.2%, PFBS & 95.5%, PFOS & 17.8%,
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PFPeA 4 4.5%., PFASs IEBTIHKEH 439.0 ng/L,
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PFASs 21K R ESEGE 3 1K,

FRHERE i TR B 2 38 AU AR X6, P4 1K
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FBRAERE BT W B R8T T 1 505 Y i
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IR B AT SR
3 Fig
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