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[ Abstract]
compounds (PFCs) in human urine based on ultra performance liquid chromatography tandem quadrupole linear ion

Objective To establish a method for simultaneous determination of 12 kinds of perfluorinated

trap mass spectrometry (UPLC-QTtrap-MS). Methods After pH adjustment with 2% formic acid, the urine samples
were loaded on a WAX solid phase extraction (SPE) cartridge for extraction, purification and concentration. The eluates
were collected, concentrated to dryness under nitrogen, and reconstituted with 10 mmol/L ammonium acetate aqueous
solution-methanol (V.. * Vi = 70 : 30) before injection. UPLC was performed on a C,, cartridge, and methanol and
10 mmol/L ammonium acetate aqueous solution was used as mobile phases with gradient elution. QTtrap-MS was
operated in multiple reaction monitoring (MRM) mode, and the internal standard calibration curves were applied for
quantitative analysis. Results Good linearity was obtained in the linear range, with the method detection limits and
method quantification limits being 0.032 ng/L-6.5 ng/L and 0.10 ng/L-21 ng/L, respectively, for the 12 kinds of PFCs. The
spiked recoveries of the 12 kinds of PFCs were 91.5%-114%, with the intra-day precision and the inter-day precision
being 0.57%-16.0% and 1.88%-20.1%, respectively. The established method was applied to the determination of 12 kinds
of PFCs in the urine samples of primary school students collected in one area. Nine kinds of PFCs were detected in the
urine samples in this area. Among the PFCs detected, perfluorobutanesulfonic acid (PFBS) and perfluorooctanoic acid
(PFOA) were the main PFCs found in the student urine samples. Conclusion The method established in this study
could be used to simultaneously examine 12 kinds of PFCs in urine. The method combined SPE with isotope internal
standard correction and achieved good sensitivity and accuracy.
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S A5 (gas chromatography, GC)'™ | S M i
HB X Ui 7% (gas chromatography-mass spectrometry, GC-
MS)'" | E R A £ (high performance liquid
chromatography, HPLC)" /1 e 808 AR {7 3% £ 3K o 1% vk
(high performance liquid chromatography-tandem mass
spectrometry, HPLC-MS/MS)" 44 H F-PECsHI /3 Hr. K
R PECs A HRAR E W 5, b i 4w, ELPRCsBETC 551
W, XTe AR5, W ALE IT BRI GC-MS . GCaf,
HPLCH#EATI 5, HGCEHPLC )i ik REUE IR A =, Toik
W AR & BEPRCs Y IR 2 BT HPLC-MS/MSHL A ¥+ L fiE
T35 AL B T B DA RSB A8  SRe R S AT AR
O3 RAE I R R R AL, e T
PFCs M i FHRYHAR o H o i ROBOH (1% BRI DU A
FF2&% 2 F Bk (ultra performance liquid chromatography
tandem quadrupole linear ion trap, UPLC-QTrap) HeELIY
WAF AN B 7 B 5 e M RE ), TEPFCsHY 2 BT Hh o
fi—E 2z 4.

3 N A PRCs 14 55 S AR X LA, BIEAEAE A
W EAEH, HIR P PECsI & IR fEng/LK . ILAF,
Rf it R JBORT J5 I 3 AT AR5, TR 5 PRCs
B, AL RIS R . H AL E IR PECsHY
TR TR BORFE I R AR T AR AR
(solid phase extraction, SPE)" Jz [ AHHLAEE", SPEFXERL
RORTE . HEEDRR R B 2 | MIREEACLF, # 2 B T
PRCsHE S ATALEE R iH A S22 58 401 4 7 [] A A 00 PR VR v
1274 WL PFCsHYSPE-UPLC-QTrap /7 i, LII3IA5 RLEF0
JrEdEbR.

1 #MREIE

L1 {2R5iK5H

T 1o AU (3% A (ACQUITY UPLC H-Class Plus,
Waters, SE[E]), {CH AT FH/E i 24 S 40y SRR A 5T (R itk
FERSINIEIRRAY); i (QTrap 3200, AB SCIEX, 3&H).

12FP PFCsHREIA MR AL F5 290 T R (perfluorobutyric
acid, PFBA) . /%R (perfluoropentanoic acid,
PFPeA) . £ LA (perfluorohexanoic acid, PFHxA) .
25 R (perfluoroheptanoic acid, PFHpA) . &% F 1R
(perfluorooctanoic acid, PFOA) ., &% L&
(perfluorononanoic acid, PENA) , & % &
(perfluorodecanoic acid, PFDA) . 2% T kil B2
(perfluorobutanesulfonate acid, PFBS) . 49 C\ b fifh ik

(perfluorohexanesulfonate acid, PFHxS) . 4= B i fif /i
(perfluoroheptanesulfonate acid, PFHpS) , 4 %= bifti fig
(perfluorooctanesulfonic acid, PFOS) . 4 528 bEfifi iR
(perfluorodecanesulfonate acid, PEDS) I 7FPFCs N Frfif
WAL A% C,-PFBA, VC,-PFHxA ., "C,-PFOA, "C,-
PFNA. "C,-PFDA, "C,-PFHxS, "C,-PFOS(50 pg/mL, Jill
R WellingtonA 7)) o L iRARiEE A HEF, IR RHE
B RS 2 BN (polypropylene, PP, EYGIR-TT
F-80 CUkFiH .

e, 2B (LC-MS%, 2E Thermo Fisher
Scientific/AH]); HER . HERE: . L% (LC-MSZK, E[F
Sigma-Aldrich/A &) ) ; /K (ACSZ, [E Honeywell A &l );
Hor iR S HPLCEL, W 1 KRR Ak 41U A R
23 Al SRR K A A, H B R 18.25 MQ-cm.,

1.2 HmEFRERE

Z: JESCHR" 50 mLER M 5 O R AR 40 /e A

JRIRIFRAET-80 CUKFE .

1.3 WA

131 Jra A SERR TR S B IR (EST) B
B, 22 B I M RS ARG, S48 31 .

1.3.2 &it4&H  ACQUITY UPLC " BEH C, {7 (50 mmx
3.0 mm, 1.7 pm); i SHAHAM Y 10 mmol/LZ R, i s
BAH Ky F I, BB EE R : 0~0.5 minffFBAH125%, 0.5~
10 min BM T+ % 85%, 10~10.5 min BAHL4ELETF £ 95%,
10.5~14 minfR4¢BAH L8 95%, 14~14.1 min BAIFE 2
25%, 14.1~16 minfR :EBAH LA }25%; Ji#0.3 mL/min;
HEREE10 pLs HEIRL30 °C; FEAZIRAE L0 °Co DU B[]
16 min,

1.33 AR & ey mes)  LUAFIEL A30 700 FHEEAT
10 mmol/L Z iR B 7K V5 T Ry Vs 35 4 B PE Cs o 1 5 VR FT PY
PRS- R FEME M0, 0.1, 0.5, 1.0, 5.0, 10, 20, 507
100 pg/LI12F PFCs 2 FIARMEE T (7R PECs N BRI T T
EWREYI 10 pug/L), $081.3.1 % 1.3, 200 (3% s 4R
W, DARR I A7) o vk B iy R A A, R 4 5 ) 462 2R N A
AT AR LU AR AN AL, 25l b 42

134 MR JREWE 2ERFIRS), B0 mLIR
FE, ITA100 pg/LIEA NFREW 10 uLFI2% H R 1 mL, 1R
4], #7530 min, L5 000 r/mini# & B5.010 min, WAX
(6 mL, 150 mg) FEAK YR 4.0 mL 0.2%2 AL F i . P e ke
SR IEATAT; IREE, R B 20 1% /s (R 1R]); FH4.0 mL
2% iR #14.0 mLH EEHOMTE, 1.0 mL 0.1%Z 4k H EE T
JiE, WSV R T 20K, 100w 10 mmol/LZ R - H s (V
Viw=70 : 30) &%, 12 000 r/min®S.[>10 min, B i
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Table 1 Optimal multiple reaction monitoring (MRM) parameters for the determination of targeted analytes

Analytes Precursor ion (m/z) Product ion (m/z) Declustering potential/V’ Collision energy/eV
PFBA 213 169* -10 -13
97 -10 -25
“C,~PFBA 217 172* -10 -13
97 -10 -25
PEBS 299 80* -50 -56
99 -50 -43
PFPeA 263 219* -13 -15
69 -13 -55
PFHxA 313 269* -40 -50
119 -15 -26
“C,~PFHxA 315 270% -40 -50
119 -10 -15
PFHxS 399 80* -65 -70
99 -69 -52
C,-PFHxS 403 80* -65 -70
103 -69 -52
PFHpA 363 319% -12 -10
169 -10 -24
PFHpS 4487 80* -70 -65
98.9 -70 -57
PFOA 413 369% -15 -18
169 -11 -23
“C,-PFOA 417 372% -12 -18
172 -12 -25
PFOS 499 80* -70 -80
99 -70 -58
®C,~PFOS 503 80* -70 -80
99 -70 -58
PENA 463 419% -11 -20
169 -11 -27
“C,~PFNA 468 423% -11 -20
169 -11 -27
PFDA 513 469* -13 -20
169 -13 -29
“C,~PFDA 515 470% -13 -20
169 -13 -29
PEDS 599 80* -90 -80
99 -90 -76

*The quantitative ion. PFCs was quantified by internal standards as follows: PEBA-"C,-PFBA; PFBS—""C,-PFOS; PFPeA—"C,-PFHxA; PFHxXA-""C,-PFHxA;
PFHxS-"C,-PFHxS; PEHpA-"C,-PFHxA; PFHpS-"C,-PFOS; PEOA-"C,-PFOA; PFOS-"C,-PFOS; PFNA-"C,-PFNA; PFDA-"C,~PFDA; PFDS-"C,-
PFHXxS.
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PR R W S BT, 25 H R T 5%, SL50iE it 48 5 it
Bl AR T TR Tk B LR AR PR VR RE BT 6 PECs % B2 B 1]
PRSI, Fe 24308 5 L) H BRI 10 mmol/LZ FR B HEAT (23 43
B TERAL TS RS 20 T A5 2 1 PFCs M MR BLE.
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Fig 1 The chromatogram of the mixed standard solution
1: PFBA, C,-PEBA; 2: PFPeA; 3: PEBS; 4: PFHxA, °C,-PFHxA;
5: PFHpA; 6: PFHxS, C,-PFHXxS; 7: PFHpS, PFOA, °C,-PFOA; 8: PENA, °C,-
PENA, PFOS, °C,-PFOS; 9: PEDA, "°C,-PFDA; 10: PFDS.

2.3 EMEEREGAK
SEIG R FHINAR (100 ng/L) TR PREIEA TSPESR AR
1k, LAPECsIIAR BRI TEANT FE b

150 mg) . HLB(6 mL, 200 mg) FIPRiME HLB(6 mL, 200 mg)
3FPSPEAE X JRBE P PECS I FEBURR (K2) o M LA
HLBHIPRIME HLBE, WAXH: X 12F PECsHA LI 4
WOICR (K12A) H BB — 1 75 B2 U8 2R B0, (€128 ),
UL S W AX B AR AEBURE (6 mL, 150 mg) $E1 7 JRFEAY
ATALEE

232 EACFHEM AR WAXHE B E MM S
T AL, SRR H0% ~ 0.5%Z KT Tk, &
RBERE SR BN, PECSHI AR [E1 s R IR1E hn, B
Z R KT BOE N 220.1% & LA, PECSHY AR FIIR
BRI R . SRR AR 4.0 mL 0.2%Z AL BE
F BT R 2 7K AR O W AX AR AE B A T 15 AL
2.3.3 Ak rReyiRdE  SLRX AT A BR% R . H
T 2% R R RE3 AP b R IR . 45 SRR, FH2% H
i 1 HF G Y I VB SR PE Cs B I A [T YL 62.3 % ~
173.1%, Lt B i FH 2% FH R sk FF Rk Uk f PECs Y s o]
WCR (5051 42.56% ~ 41.5%F1112.4% ~ 59.7%) B i, Kt
SRR 4.0 mL 2% FF R F14.0 mL H AR U BEA T IR
2.3.4 RPLRFF R BAAREE LI T0.1%2 L H
BE(V 2 V)L 01% R IE(V 2 V)| 0.1% %k LBz
(V:V) 0 1%ZAMFHEE(V V), 0.1%% 4k N ER
(V : V)XIPFCsUEMERUR, SEge g I3 . (HH0.1%2
ARV V) BRI % PECs AR M1 % it i, (7 A s 4
AR Pt K AR B R S P i FH A T T AR
b, FTIEE AN K 4R . BiE SOKARFR S EE i, PFCs
B TR T SC R I i, 24 S20K AR R 2 B8 0 22.0.1% 6, 358
Sy PECs I AR [l s S AR , (RSB 43 PECs Y ks [l

231 BEAEERAZGLFE LR ILETWAX(6 mL, WA NIRRT R . S P oL 2 B KA TR
100 ~ |PFBA === PFBS  EE Lo _
[ E==PFHxA [IMPFHxS FEEE PFHpA Or  _« PRIMEHLB —+ WAX -« HILB
90 - FZZ2PFHpS == PFOA == PFOS .
80 L E—PFNA [ PFDA (£ PFDS 0.8 | R ,.-'H'-‘ .
-—- B /
70 | . P ’ - .\": B -*-
E = 0.6 - X / \ /
& 60t g 5 0.6 toA \/
2 H 1 =) AR A 4 ¥
= 5] VA
°>’ 50 = > M VoA /
3 £ 04} Vo
S 40| g /A I
~ g = | \ | I\ I|I /
30 g 02} ;I,. ."-.,‘.I I-' * II'. f A .
- & N |
20 = A\ | | A
:/ TORY \ =
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PRIME WAX HL PFBS PFHxA PFHpA PFOA PFNA PEDS
e SPE cartridges e PECs

A: The recoveries of PFCs with three SPE cartridges; B: Urinary matrix effect with three SPE cartridges.

B 2 =FhEHZERAERT BREE F PFCsH ZEB

Fig 2 The extraction efficiency of three kinds of solid phase extraction (SPE) cartridges for PFCs in urine samples
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Fig 3 The effect of different elution solvents on PFCs elution efficiency
GBS, VR P R, i LA T SO R g S A
Al BB Rl ZK AR ER O 3G, 5 PRCs L I A4 i
Bl Z 3G N, SEORER  A BEBTRON S 8 . BEE 0.1% %
Ak H B AR RS 384 00, PECsHA N el R A 2R Y
AR LR IS BB | R A e S AR A
YERITT AT, SERG R 204 1.0 mL 0.1% %04k FF BEAE R ik
JBEHE
235 LEAR&pH  SCIXT BRI pHIESE T T
o 43 M T R R K R 1 R A Y p HLAEL, e JRAE 1Y
pHIEST M2, 4. 7. 8F110, 4 FAEW pH< 30, PECs
TR EACR K161.8% ~ 74.4%, 24 EAER pH> 30, K343
PECsAY IR FTSCRFE 2 50% LA T, B B 7E 10 mLIR

80

- —— PFBA
$—— % _o PFBS
20l & PFPeA
—v— PFHxA
s . —+ PFHxS
6ol N, —+ PFHpA
—»— PFHpS
_ —e PFOA
S —— PFOS
=907 ' + PENA
4 N —— PFDA
S \ —— PFDS
& 40+ R
0.8 :
TN,
30t .
N
20
wr ¥
0.5 1.0 15 2.0 25 3.0
(4] V/mL

FEHTIALO mL 2% R A1 HipH< 3J5 7 L FEREHL.
2.4 TEIER B SELG

A WFFERWIY, PFCs P B 3% 5 725 i W B0 o i i 2%
SCHGHH 80 WL 10 pg/L PECsAREIR I, AWK E T, 80 uL
10 mmol/LLFRER-HIE (Ve ¢ V=70 = 30) B, B0 HL
USRS AR AR HETR VR 53 ) T B FIPPAA
JF /N, BT -20 CUKEE 5 Ba— e il Lk 4
REE . FEE S IR 2 (. 45 R KM, PECshRiERR
WARAETEPP 08 h T — BLRRE AE1E s (RAFAE DB /1N
I PECs I T Mk B 2 FRL 018 TR, A7 1 H I, 3
R T R A R A 1/10. (R, BedRPPAL T A% L
HEATSLH
2.5 FHiEFIERR
251 KMSEEAAR B IR F01.33BCH] R I bR A T
BERES T, il N BRbn et 2k, L3S A 10f5 (5 1 e Hoa
5 46 H BR (method detection limit, MDLs ) A1 75 ¥ & 1 BR
(method quantification limits, MQLs) . 12FPFCs7E
0.050(0.50, PFBAFIPFPeA ) ~ 100 pg/Lyf & i Bl N 2t
U, LA E R B K T0.997, MDLs X MQLs %51k
0.032 ~ 6.5 ng/L#10.10 ~ 21 ng/L.
252 ZHEMBEAEAHE S ARFELIORA Y
A1, Gk, FlRl—RNEZ ek - #E L6 d, 157
PFCs /il a1 % K HAH X F5 ot 2= (relative standard
deviations, RSDs) F ATEAT 71509 H PN AN H )85 % %
PECsHYMARIFCR K191.5% ~ 114%, H NI H Ak 5%
{53 51°M0.57% ~ 16.0%F11.88% ~ 20.1%(F2) .

80

B e * s+ PFBA
Fff’/ T e o PFBS
70 | L T _a PFPeA
Wl e T ————— & v PFHxA
Y e 4 —# PFHxS
60F % —— ' —« PFHpA
'y —» PFHpS
50 +- PFOA
i i —— PFOS
< S « PFNA
40 « PFDA
§ e _\'“'ﬁ..__ﬂ‘\h‘""“‘\-* —— PFDS
S N e
3 3
&~ 30 S
20 +
10}
0F
0 0.1 0.2 0.3 0.4 0.5
e Percentage/%

B 4 SRR R i FR X PR i PRCs SRR S 2 B 220

Fig 4 Effect of eluent volume on elution efficiency of PFCs in urine

A: The selection of the volume of 0.1% amonium methanol; B: The selection of the percentage of ammonia in methanol.
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%2 PFCsIFREIE (n=6)
Table 2 The spiked recoveries of PFCs (n=6)

Intra-day precision Inter-day precision

Compound Spiked value/(ng/L) Determining value/(ng/L) Recovery /% 1% 1
PFBA 25.0 24.3 97.2 10.4 16.0
50.0 51.7 103 6.29 7.72
100 104 104 3.24 5.83
PFBS 2.00 2.25 113 16.0 20.1
4.00 4.33 108 6.68 8.42
8.00 7.26 90.8 4.41 5.10
PFPeA 25.0 25.2 101 10.3 12.0
50.0 51.3 103 7.32 9.11
100 96.4 96.4 5.76 6.80
PFHxA 0.10 0.114 114 9.03 19.8
0.20 0.187 93.5 2.99 10.7
0.40 0.389 97.3 1.75 5.33
PFHxS 1.00 1.13 113 10.7 13.1
2.00 2.12 106 6.80 8.03
4.00 3.69 92.3 2.31 2.93
PFHpA 1.00 1.19 119 10.6 14.4
2.00 1.83 91.5 6.25 9.91
4.00 4.06 102 1.19 5.41
PFHpS 1.00 0.926 92.6 10.4 19.7
2.00 1.89 94.5 4.79 11.1
4.00 4.16 104 1.86 6.71
PFOA 1.00 1.15 115 10.7 20.1
2.00 2.06 103 8.21 12.2
4.00 3.68 92.1 2.50 6.64
PFOS 1.00 0.932 93.2 10.8 13.3
2.00 2.23 112 6.55 9.54
4.00 4.16 104 4.23 6.34
PFNA 2.00 2.06 103 8.68 9.49
4.00 4.24 106 4.86 6.78
8.00 7.65 95.7 3.96 5.12
PFDA 1.00 0.923 92.3 9.43 14.5
2.00 1.85 92.5 4.50 6.79
4.00 4.26 106 0.57 5.01
PFDS 1.00 1.14 114 5.25 6.97
2.00 2.06 103 2.21 3.64
4.00 3.83 95.6 0.82 1.88

2.5.3 ARELIRM SRR R R A b PR
PR A YR T T ) s o T 2 AR 3 ok TP PR R BT 2800, 4%
PECsHIAIR L 40.696 ~ 0.898, 18 it HILA [lf37 K A bR AT
KIE, AT LASE— 25 BEAR R AR 1 JE TR0, 45 PECsH R H
40.861 ~ 1.16,

2.6 EFREFEMINE

I FH A IR 32 37 14 J7 9 5% T SR 4 1 IR B A T 2
JPECsI) T S N 4.76 ~ 128.4 ng/L, F-H R E K
8.59 ng/L, HARZE R UL #3, PFBSHIPFOA -4 i 12
s, 2 07.38 ng/LHI2.69 ng/L. K IREER NS B 5
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®3 RMFRNFEREPEPFCSHREREERE (n=40)

Table 3 The range of PFCs in urine samples of primary school students

from one area (n=40)

PFCs Range/(ng/L) Average/(ng/L) Median/(ng/L)
PFBS ND-92.3 7.38 431
PFHxA ND-13.1 0.728 <0.201"
PFHxS ND-16.7 2.11 <1.52"
PFHpA ND-29.2 2.56 <2.09"
PFHpS ND-33.6 2.27 <1.90"
PFOA ND-24.5 2.69 <138
PFOS ND-10.2 1.38 1.22
PFNA ND-7.76 1.99 <228
PFDA ND-7.81 1.71 <142

ND: Not detected; * Lower than MDL.

AHICHIFFE I EAT LUER, & BLZH X AR R A TP PFCs &5
TARRTEAIR, 4875 2 A\ HE 5 T PRCsH KU /N

FlgEMR  FrafEE R AER 55 2
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