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We have studied the simultaneous analytical method of Per-/poly-fluoroalkyl substances (PFASs) in water by simple solid

phase extraction and liquid chromatography-tandem mass spectrometry (LC-MS/MS). The 10 mL sample was passed

through a solid-phase extraction column and then concentrated to a final 10-fold. We have conducted a validation test to

confirm the validity of the analytical method. Recovery tests of PFASs compounds spiked into mineral water samples was

performed for two set points; 5 ng/L; and 50 ng/L. The linearity of calibration curves, selectivity, recovery, repeatability, and

intermediate precision for 15 compound of PFASs were calculated using the data of the recovery tests. The linearity of the

calibration curve were obtained in the concentration range from 1 ng/L to 60 ng/L for 15 compounds of PFASs. The recovery
(92% to 103%), repeatability (2.8% to 7.9%), and intermediate precision (3.1% to 13%) for 15 compound of PFASs obtained
by the recovery tests satisfied the criteria in the guideline for the validation of testing method for drinking water, which has

been specified by the Ministry of Health, Labour and Welfare, Japan. We judged that the analytical method we have
examined in the present study was applicable to the analysis of 15 compounds of PFASs in water.
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Table 1 Target PFASs

Compound name Abbreviation Surrogates
Perfluorobutane sulfonate PFBS C4

MPFHxS
Perfluorohexane sulfonate PFHxS C6
Perfluorooctane sulfonate PFOS Cc8

MPFOS
Perfluorodecane sulfonate PFDS C10
Perfluorobutanoate PFBA C4 MPFBA
Perfluoropentanoate PFPeA C5
Perfluorohexanoate PFHxA C6 MPFHxA
Perfluoroheputanoate PFHpA Cc7
Perfluorooctanoate PFOA C8 MPFOA
Perfluorononanoate PFNA C9 MPFNA
Perfluorodecanoate PFDA C10 MPFDA

Perfluoroundecanoate PFUnDA C11 MPFUnDA
PFDoDA C12
PFTrDA  C13 MPFDoDA

Perfluorododecanoate
Perfluorotridecanoate

Perfluorotetradecanoate PFTeDA Cil4
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FEHERR & L C PFASs A (Wellinton 118, PFAC-
MBX), WIE#ER & L C PFASs ZERNAIREA i
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ML
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Table 2 LC-MS/MS conditions

(Xevo TQ-XS)

LC conditions
Instrument
Column

Retention gap
Columun

Mobile Phase

gradient

Flow rate
Columun temp.

Injection volume

ACQUITY UPLC (Waters)
UPLC BEH C18 2.1x100mm

UPLC BEH C18 3.0x 50mm

A:5 mmol/L Ammonium Acetate aq

B: Acetonitrile
B:10%(0min)-B:30%(2min)-B:50%(7min)-
B:80%(14min)-B:90%(15-18min)-B:10%(21-24min)
0.3 mL/min

40°C

20 pL

MS conditions
Instrument
Tonization Mode
Source temp.
Capillary voltage
Desolvation temp.
Desolvation gas flow
Cone gas flow

PFBS
PFHxS
PFOS
PFDS
PFBA
PFPeA
PFHxA
PFHpA
PFOA
PFNA
PFDA
PFUnDA
PFDoDA
PFTrDA
PFTeDA

ACQUITY TQ-XS (Waters)

ESI-

120°C

1kV

500°C

1100 L/h

100 L/h

Quantification ion Confirmation ion
[m/z] [m/z]

299> 80 299> 99
399> 80 399> 99
499> 80 499> 99
599> 80 599> 99
213>169
263>219
313>269 313>119
363>319 363>169
413>369 413>169
463>419 463>219
513>469 513>219
563>519 563>269
613>569 613>169
663>619 663>169
713>669 713>169

Solidphase column
conditioning
(Presep PFC-11)

Sample 10 mL

1. 0.1 vol%NH4 in Methanol 5 mL
2. Methanol 5 mL
3. MQ water 5 mLi

LS (2 ng/mL) 50 L

Solidphase

Extration

Washing of the Tube

MQ water 5 mL

| Washing of the Cartrige | MQ water 5 mL

Centrifugation

Dehydration

Elution

Concentration

(Xevo TQ-XS)

LC-MS/MS

(3,500 rpm, 10 min)

0.1 vol.%NH, in Methanol 5 mL

Fig.1 Scheme of the Solid-phase extraction procedure
(Simple method)
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<A ST % PFASs HOFIREA 4 L 25U T
7% Presep PFC-II (G5 & 60 mg/3 mL, ~'U )
58), Oasis WAX 6 cc Cartridge (FetE5: 150 mg / 6 mL,
U V)9 K N Oasis Wax plus Extration Cartridge (78
HE 225 mg, a~4) 3470 3 FFHARINL, [EfY
T LD EAT T2, T, BENEICHEILL 7. XV
Q 7K 500 mL {Z PFASs #5¥%5% (100 ng/mL) 25 pL &K}
WEEYERR (100 ng/mL) 50 pL Z%ML, L<EAL
7=bozEFEE Lz (PFASs JBFE : 5ng/L). 3 FEMED[E
AT 22T, BINEIGRERZIT 72 GRIREE 5
ng/L, 53#47).

6. RERAR O
EEEORLELCHEH T2 RascoN T, AT Rt

B 10mL &ARY 7Ly (PP) #lFa—7 15
mL % W CEERE 217 - 7=, W7E7K 10 mL (& PFASs
e (1 ng/mL) % 50 pL L, X <iEA L TEER
(2 1 RELE L7- (PFASs J2F 5 ng/L) . KIZ, PHEHE
% (2ng/mL) 50 uL Z¥RINL, FEHEEDO/D 720 Presep
PFC-1I % T Fig.1 120tV [ \Wﬁlatlj ZFEMEL, BIE

KON 2R, BRI L o8 E2Hat Lz (8 &)
17).

I VERHA
7.1 EEE

3 FHOER D 7 LD 5 G, FRHEEN D7 i)
fii72 Presep PFC-I1 Z384R L, FEHIKZ TR S MERF
fili (IR 5ng/l, n=>5) %477 FEHEUK 500 mL
|2 PFASs 1247 (100 ng/mL) 25 pl, PEMEE#ERE (100
ng/mL : A%/ —/VEKR) 50 uL 0z CiRG Lalkts
TR 7=,

CHWAHERIT 1, 2, 5, 10, 20, 40 &1* 60
ng/mL @ 7 g CERL L7 GREFE 1,000 fERAET 255
A, PEHEEEIX 1, 2, 5, 10, 20, 40 % 0*60ng/L (2
W3 5). MEHEEREH IR K REZATV, BRI

(RERE, r2) ROFBIE (FHXPREEE, RSD%) A3k
W, FHMtiL7= (3FIT).

7.2 fEfEE

SRTNT —H—E AT YT 21T > 7.
BV S HERIT 5, 10, 20, 50, 100, 300 &8 600
pg/mL ® 7 L CIERR L7z GUBHE 10 (5IET 2545,
AEHEEIX 0.5, 1, 2, 5, 10, 30 %060 ng/L (ZFH44
%).

SR TN F—%—10 mL ZH 7 A% 10 mL HAeEK
BREIZER Y, PROS . O PFOA OE & H A4 (50 ng/L)



ZD 110 (5ng/l) XM 1ng/ 725 X5 IZHML, &
5B AR L7z, 1 ng/L IRIEREPKOFRELGEL,
% F L7 4 —%—10 mL |~ PFASs #2%5/% (0.1 ng/mL :
AH ) —)VERR) 100 pL, PEHEHER (2 ng/mL @ A%
J—IVIEIR) 50 L 22 CIRA L7, 5 ng/L iEUEE
I% PFASs #E7i% (1 ng/mL) 50 plL, 50 ng/L WAEE
I3 PFASs #2775 (10 ng/mL) 50 pL 2548k 10 mL (20
2 CRLRE LItk WK (2ng/mL) 50 uL 2
IMUFERL L7, %k% Presep PFC-T %z T Fig.1
(RO EABFR R EZ 1TV, LC-MS/MS FRtERATR & L
7. —ERE%Z LCIZIEAL MS/MS (MRM) 2k Y %1k
B — 7 wifEE KD, VERR Lot Halih o
FAEAMOREEERL, WINEEIIRTT 2 EBRED
BEEEZFEL LRI, Zhae b BFEmL, #0iK
LaRBRIZ BT DO THEEE (RSD%) K& NSRS (RSD%)
Rl (% 53475 HIE).

8. FEkkta W= iRINENGAER  (fE{E7%)

URTSEERENOAGEK, WK, EKENGE LT
#EF 10 mL (2 PFASs #£4E#% (1 ng/mL) 50 pL 2%
L, E<IEAUTEIRIC1RFHKE L7 (PFASsRE 5
ng/L). WIZ, WEEHERR (2ng/mL) 50 uL Z ¥R L7
%, Presep PFC-11 M\ CEfERHH L (Fig.1), #UERA
RE LTHITEATY, EIGEE R OPHTHERSD%) 43k
Hic (% 3FIT).
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1. FRVERIRAE DRI ZEL,
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fTo7=. PFBS (k3% 4), PFHxS, PFOS, PFOA,
PFTeDA (3% 14), MPFOS (PFOS OPHEEENE)
TR L% Fig. 210k Uiz (RFEILEW 7~ LTS,
ZNLSNOLE b RO Z R L, *MEEAEmET
IZBWWT 30 HMIEE A EEITRRD Diven -7z, &
7o, BaDEDRD LR oT.

2. BB
2.1 A T LD
3 FEEADEF A 7 2% FHVC, PFASs 2 5 ng/LL ©
B ORHRUK) 2@ kniE Tty L7ZRERIC OV T, [HIIX
R OPHTHEE (RSD%) % Table 3 12~ L7z,
RFEHDZ N PFTeDA DRI 72~82% LK<,
FeHE D2\ Oasis Wax Plus Extration Cartridge 7%

LW eds, ofbEWCIREM T 7 2 8 fifa & bRy
R 8T%~124% & BRAFISRERMG Oz, BIERDMED
S 7R PFASs (22T, B D DL EFEHHHIRA 30k
BRI IG5 2 b, GBI AR IR &
AL =)V T, BERAZEINT 2 Z L2k D, BIRER
i ETE 5 LHE LTS, BB 1,000 [FEHET 5
BalE, AZ =V TOWHEE BT 5 HRRNEE R
b7,

WHE T, BT T 2005 OFRHIEs@EAK I & 1365
MBLIRO>TND LA, VI VXA TITIEAKFTIINC
W S22 BEEN G B, £z, WHENT
BRI ATHENEA 7 LT 5 L 725> TN 573, 3,500
rpm, 10 3 OBEZAT 5 BED AT RAFRAERN
Boh, BRI ATOEEONDY & LT, mLBkH
LABAKTHGIZEEZ B,

3 FHDEE T 7 DO DFER, 138 A EENR
DAV oT2T28, L TIIFEEN D 70 < gy
fifiZe Presep PFC- 1T 23R UIgET A1 T -7,

a) Polypropylene tube

120
100

Recovery(%)
o
(=)

b) Glass tube

Recovery(%)
[op)
(=)

0 5 10 15 20 25 30
Time (days)
--m--PFHxS —e— PFOS

— -PFOA  —@—PFTeDA —© - MPFOS

Fig.2 Time course of the area of PFASs
(n=1)

2.2 R ERORET

B T 2RO LT, fiEEICLY BT
ARIHALEAERE 10 mL & PP #lF = —7" 15 mL DLk
ZATo7-. WEAK (SS5mg/L) Z x4 PFASs 5
ng/L (2722 X5 ICFR L, B A S50 L7/ %
Table 4 (27”9, [FURRITA T A FHAREERE ClL 92~
106%, PP fUF = —7 Tl 91~107% TH:\Z B A7 5
NELNTZ. P TREIT 0.8~22%% 1) 0.1~6.6% & PP
S o — T PRI T o7, Lo, PP#IF—71F,
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Table 3 Result of the validation of PFASs in purified water at 5 ng/Li

(Official method)
Presep PFC- |l Oasis Wax Cartridge Oasis Wax plus Extration
60 mg/3 mL 150 mg/6 mL Cartridge 225 mg/L
Accuracy  Repeatability Accuracy  Repeatability Accuracy  Repeatability
(%) (RSD %) (%) (RSD %) (%) (RSD %)
PFBS 97 3.0 124 2.1 112 1.7
PFHxS 97 4.3 99 3.3 94 0.6
PFOS 96 1.2 97 2.1 95 2.2
PFDS 99 2.1 98 3.5 97 1.4
PFBA 103 3.0 96 3.6 96 1.5
PFPeA 101 2.9 97 3.0 94 2.6
PFHxA 99 2.2 96 2.2 97 2.5
PFHpA 98 2.3 97 2.7 98 3.5
PFOA 101 3.7 98 3.6 95 2.2
PFNA 98 3.0 99 3.0 97 1.4
PFDA 98 5.4 100 2.6 95 2.5
PFUnDA 99 1.9 99 2.7 98 2.2
PFDoDA 98 2.6 98 4.8 96 1.7
PFTrDA 83 3.0 87 4.8 94 3.2
PFTeDA 72 3.9 78 4.4 82 5.7
(n=3)

HLWEgezw A Y ) —NVPEERIER L0, Heid L <
VIR LUMEHT D E 3 EIAICIEHEBRMENEL 220, By

BN TO%LLTFICA2 B LD b Iot. DT, HT Akl Table 4 Recoveries of PEASS in Lake water at 5 ng/Li
(Simple method)
@%%%@TRTZ) cet L ‘él H:ﬁﬂ%;%ﬁm L. Glass tube Polypropylene tube
PLEORRGHE R RS L7 /KEH PFASs O EFR (10 mL) (15 mL)
H-LC-MS/MS k% Fig.l R LT Recovery Repeatability = Recovery Repeatability
(%) (RSD%) (%) (RSD%)
N PFBS 104 0.8 98 0.9
ﬁfé r‘i’ﬂ;ﬁ‘ ‘ o PFHxS 100 5.0 99 6.6
3.1 wkmE  GUEE 1,000 fE5=HE) PFOS 102 48 102 6.2
(KB AR ST 15 D B PRI A A F‘54’ v (BT PFDS 100 36 99 01
HA KA )| WIS E, REROTLEFHILOR  pppa o6 0 o1 0
ﬁﬂ?itﬂ@ﬁ&f&()\fﬁﬁ**ﬁ; ZOUWWT Table 5 &\_T L7z, PFPeA 92 3.3 97 3.6
W ERR OB A2 R IRIE L 72 DU ERE (r2) 13.0.994 PFHxA 101 12 99 3.6
PLEEBIFRERMEONTZ. RESOEE X 91~ PFHpA 98 4.8 100 1.7
114% M OFHRHEHERZE 1L 0.24~10% & ZNnENT A K PFOA 99 3.1 98 2.8
TA L DOBEE (80~120% MK N=20%) i/~ L CEY, PFNA 100 4.6 99 L1
BT R G 5T, PFDA 106 6.5 99 2.9
VMBI R D 241 maﬂ éﬁf&@ﬁ?ﬁ%ﬁ“ PFUnDA 101 22 107 6.5
o, o T e, DR 5 b
ﬁﬁ%&@gm%&ﬁofménxE%ﬁ@ym@m5 : : :
et _ PFTeDA 101 2.6 100 1.6
ng/L {122\ T 5 RO ik LR ([E+H7 7 2 Presep
PFC-T) % %fiL7=& =5, x40 PFASs 15 (LAHD (n=3)
BT 72%~103%, D THEEEIE 1.2%~5.4% & BAf 7o
RN,



Table 5 Results of the validation of calibration curve and PFASs in Purified water at 5 ng/L
(Official method)

Calibration curve

Sample

Range Linearity Accuracy a Precision ¥ Accuracy b Repeatability k)
(ng/mL) %) (%) (RSD %) (%) (RSD %)

PFBS 1~60 0.994 94~110 1.5 ~9.1 97 3.0
PFHxS 1~60 0.998 94~109 0.55~5.3 97 4.3
PFOS 1~60 0.997 97~105 0.90~5.1 96 1.2
PFDS 1~60 0.995 91~110 1.7 ~6.1 99 2.1
PFBA 1~60 0.998 93~109 1.4 ~4.0 103 3.0
PFPeA 2~60 0.996 94~114 0.52~4.9 101 2.9
PFHxA 1~60 0.999 97~104 0.69~3.2 99 2.2
PFHpA 1~60 0.998 94~110 1.6 ~4.1 98 2.3
PFOA 1~60 0.997 97~106 3.2 ~8.2 101 3.7
PFNA 1~60 0.998 94~110 0.98~6.6 98 3.0
PFDA 1~60 0.998 95~104 1.9 ~10 98 5.4
PFUnDA 1~60 0.999 95~109 1.6 ~6.0 99 1.9
PFDoDA 1~60 0.998 96~105 1.4 ~17.3 98 2.6
PFTrDA 1~60 0.998 93~106 0.91~8.0 83 3.0
PFTeDA 1~60 0.998 92~110 0.24~17.6 72 3.9

a)n=3

b)n=5

3.2 fiiifEsE FUEF 10 F5R#E
3.2.1 MEAROFH

FREARO B 0 K LHIEIZ X DRIV CEE
47> /=555 % Table 6 |/R L=, MEBROERRIES
IR L LT, IEREL (#2) 0.996 DL L & BAFAfE R
NELNTZ. BRESROBEEIL 88~115 %, FHRMEUE(R A
130.18~9.8% & ZNETNHA KT A > D HIZ(80~120%
LO=20%) Zifil-L TRV, BlifafERchor.
3.2.2 UNIEEFOEFE DR

SRTNT F—H—"TO 5 B K LRERIZI T 5
WIERELOELEE % Table 7 1275 L7=. PFBA IZoUW\Clt
T MO LA A~ TEL, REHREPHIX 10 pg/mL

GRUEHHYIREL X 1ng/L) 225 &720, 1ng/L OFERIT
Broh L7z, PFHXA [ZOW T, 377 > 7 T 0.5~0.9
ng/L i &4, 1 ng/L ORSEAE Bt L7z, PFHxA
I$EWEZ 77 TObhng/LU BRSNS Z &b T
Z e, [ERRHHEE OB RS S ET
ot

TRINEEE 5ng/L & OV 50 ng/L @ 15 (LA OEE 1 92
~101%}% T 98~103%, FIEE 1 ng/L @ 13t
BT 91~102%C, WINOWRMEEIZBWTH A A
RZ A > BHE(T0~130%) Z it 7= 9~ B4 ekl 035
iz,

Table 6 Results of the validation of calibration curve
(Simple method)

1. 1 . . T
Calibration Linearity Accuracy Precision

Cu(;‘g/’rfir;ge ? %) (RSD %)
PFBS 5~600 0999 95~109 0.50~7.6
PFHxS 5~600 0.999 88~112 0.97~4.4
PFOS 5~600 0.998 96~109 0.85~4.6
PFDS 5~600 0998 95~110 1.8~9.7
PFBA 10~600 0.996 89~108 1.3~4.1
PFPeA 5~600 0.999 95~107 1.4~5.4
PFHxA 5~600 0999 95~109 1.4~6.0
PFHpA 5~600 0.999 96~105 1.5~3.9
PFOA 5~600 0.998 95~111 0.77~6.4
PFNA 5~600 1.000 95~105 0.53~7.7
PFDA 5~600 1.000 96~107 0.52~3.9
PFUnDA 5~600 0999 96~108 0.60~1.5
PFDoDA  5~600 0.999 96~104 0.76~2.8
PFTrDA 5~600 0.999 88~115 0.18~9.8
PFTeDA 5~600 1.000 96~105 0.35~2.1
(n=3)

TRENE TEEN 72%77 - 72 PFTeDA (fR #3558 14) 13,
AOBFEN D W EEE CEMIL 21T 5 &, BT



101% & s S i,

D, WAL DBEMEL LT E 2 DI

3.2.3 B O TR EE K OVSE PG FE ORI
5347, 5 AR IR LRSI DO THSEE &=

B2 EREEAR D 7 D~@K L7z
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WHSEE % Table 7 (27 L7-. INIIREE 5 ng/L 2 U850 ng/L
D 15LEMDEBEOIATIEL, TN L 3.2~7.9%,
2.8~5.0%ThH Y, IR 1 ng/L. CIX PFBA & PFHxA
ZR< 1BLEMOTHEL 6.2~12% L 72, A B
T4 O BEEE(S20%) &= R R0 Bz,

Table7 Result of the validation of PFASs in Mineral water at 1 ng/L, 5 ng/L and 50 ng/L

(Simple method)
o et Ay Reentabiy MUTEE K FUS acurcy epestaity NP ey epentais Ty T8
(ng/L) RSD%  (ngll) (RSD %) (ng/L) (RSD %)
PFBS 1 92 8.2 17 5 92 5.8 11 50 98 3.9 4.8
PFHxS 1 91 10 19 5 93 4.7 13 50 101 3.4 4.3
PFOS 1 95 9.2 16 5 96 4.6 7.1 50 100 3.1 4.4
PFDS 1 92 10 16 5 97 6.1 10 50 102 5.0 6.7
PFBA 1 - - - 5 95 6.9 8.7 50 100 3.6 3.1
PFPeA 1 100 7.1 16 5 97 3.2 8.2 50 98 3.8 6.0
PFHxA 1 - - - 5 101 44 5.7 50 101 2.8 3.9
PFHpA 1 101 6.6 16 5 101 4.4 12 50 103 3.8 4.6
PFOA 1 102 8.0 16 5 97 3.9 9.8 50 101 3.4 4.7
PFNA 1 102 9.8 21 5 97 3.8 7.3 50 99 3.3 4.2
PFDA 1 95 6.2 16 5 98 4.6 7.9 50 100 3.6 4.2
PFUnDA 1 98 8.9 20 5 97 6.3 7.7 50 101 3.0 4.4
PFDoDA 1 94 7.4 18 5 96 7.3 9.5 50 99 4.0 3.8
PFTrDA 1 94 12 16 5 98 6.5 8.9 50 98 4.0 3.9
PFTeDA 1 98 8.7 14 5 101 7.9 10 50 98 4.7 8.0
(n=25)
Table 8 Recoveries of PFASs in Tap water, River water and Lake water at 5 ng/Li
(Simple method)
Tap water River water Lake water
Accuracy Repeatability =~ Accuracy Repeatability ~Accuracy Repeatability
(%) (RSD %) (%) (RSD %) (%) (RSD %)

PFBS 86 3.3 98 5.1 104 0.8

PFHxS 95 0.6 95 2.4 100 5.0

PFOS 93 4.6 104 6.1 102 4.8

PFDS 96 3.8 107 2.5 100 3.6

PFBA 95 1.8 96 2.5 96 4.0

PFPeA 93 5.1 96 1.8 92 3.3

PFHxA 103 1.1 107 4.4 101 12

PFHpA 92 2.9 99 3.9 98 4.8

PFOA 90 2.0 105 2.6 99 3.1

PFNA 96 6.3 104 5.1 100 4.6

PFDA 90 1.1 99 3.3 106 6.5

PFUnDA 96 2.4 109 1.0 101 22

PFDoDA 96 1.1 104 1.9 95 10

PFTrDA 102 4.1 93 3.7 102 4.5

PFTeDA 88 2.7 91 1.7 101 2.6

(n=3)
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