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Development of an Analytical Method for the Determination of
Perfluorinated Compounds by the Assays of
Solid-phase Extraction and LC-MSMS

Jae-won Choi', Jeong-hee Kim, Yong-yean Kim, and Paul-jene Chung*
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*Divison of Environmental & Chemical Engineering, Chonbuk National University, Jeonju, Korea

Solid-phase extraction (SPE) was assayed in combination with liquid chromatography - tandem mass spec-
trometry (LC-MS/MS) for analysing perfluorooctanoic acid (PFOA), perfluorononanocic acid (PFNA), per-
fluorodecanoic acid (PFDA), perfluoro-7-methyloctanoic acid (PFOA-7methyl), perfluoroctanesulfonate
(PFOS), perfluorodecanesulfonate (PFDS) and perfluorodecanesulfinate (PFDSI) in raw water sample from
drinking water treatment plants. Once, the optimization of MS/MS fragmentation analysis was carried out,
sample extraction method was compared using the six SPE cartridges, and the determination of linearity, accu-
racy, precision and method detection limits (MDLs) were performed. SPE-LC-MS/MS method described
enabled us to determine the target compounds at 0.2~2.4 ng/L levels. PFNA and PFOA-7methyl which have
the same precursor and product ion mass showed chromatographic separation in the LC column. In sample
extraction, adopting the washing fraction to remove interferences should be validated carefully. In SPE val-
idation, HLB, 8B-S100-FCH and 8B-S100-FBJ is recommended, but some types of cartridge showed unrea-
sonable high recoveries. Method blanks including field and reagent blank should be vaidated for rea sample

analysis to avoid the over-estimated values.

Key words : Perfluorinated compounds (PFCs), PFOS, PFOA, Solid-phase extraction (SPE), Liquid chro-
matograph-triple quadrupole mass spectrometer (LC-MS/MS), Water
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MARLOW (CA, USA)e] 205U =Yl AL8-3} 3,
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Table 1. Chemical formula and molecular weights of target PFCs

PFC category Individual Compounds

Chemical Formula Molecular weight

PFOA C,FsCOOH 414
PFOA-7methyl CqF,,COOH 464
Perfluoroalkylcarboxylate PFNA C4F,-COOH 464
PFDA CoF,COOH 514
1,2,3,4-*C,-PFOA 3¢, 12C,F,-.COOH 418
Internal standards 1,2-15C,-PFDA 15C,12C_F,,COOH 504
PFOS CgF1,S0* 499
Perfluoroalkylsulfonate PFDS CoFysS0* 599
Internal standards 1,2,3,4-13C,-PFOS 13¢12C,F,,S0* 503
Perfluoroalkylsulfinate PFDSI CgF,,S0% 583
Internal standards 1,2,3,4-13C,-PFOSi B3¢, 12C,F4S0% 487
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Fig. 1. Chemical structures of the target PFCs.

o ¥FEF AFAS 22 0.05~5 ng/mL EEH %
FTEZ2 5ng/ml) HLZ AZSHATE

-

\,.

225

~

503 Ne"

/ Surrogates

v MPFOS [1,2,3,4-13C,]

Perfluorooctanesulfonate
F\ /F F\ /F F}/F F} /F

C C. C. C.
NN NN

F/\ /C\F F/ \F F/ \F

F F

v MPFOSi [1,2,3,4-13C,]
Perfluorooctanesulfinate

VN Y Y e

C. o
NN N N

k F/ \F F/ \F F/ \F F/ \F j

v' PFDA
Perfluorodecanoic acid

Ny N Y,
. o Y

A N R S

F

Surrogates

v MPFOA [1,2,3,4-13C,] \
Perfluorooctanoic acid

RPN F K F R

NZ N/ \/ \] |

e S /‘\:</

F r/c\r r/‘\r F/c\r OH
v MPFDA [1,2-13C,]
Perfluorodecanoic acid

F, F R [ B3] F B

Yoo

,/\/\/\/\c/\;\

A N y
vl &2 S

E22< AAs] & %(2008),"? Kannan®®-<
40% AF-2] HEre /S Algsle] HHE B3 HE
st B e AL a9l g welEd




226 =R

Water sample (~1,000 mL)

|

(Filtration)
1 Conditioning
SPE  seeeesns > MeOH 5 mL
1 D.W. 10 mL

10~40% MeOH* MeOH (~10mL)
(~3 mL) 1

Concentration by N, (~1 mL)

LC-MS/MS

Fig. 2. Suggested extraction procedures for water sample
(*: preliminary check for washing fraction is
carefully needed).

AF A8 7F 1100 EFEFEZE 2 1411‘%31—’& 25
A7kt &, HLB 7FEZIAE s
g &SNS AT v‘i“ o AR HAe] =
Ae Fig. 20 @kt SPE ATME o 5
mlL, SFF 5mL(2ﬁ) woz A 35}"5‘"’ A8 &
Qgiﬁ 10% ek 3mL, 248 23 &
10 mL3 7Hzt %%?S‘P"iﬂr. IFFEAAS M A
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.|_,
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HLBE WHIEF 659 355 7IEYAE ol&slo]
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BiosystemsAHFoster City, CA, USA)Q] AsAl=AF
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Table 2. LC-MS/MS conditions for peak separation and
identification

Condition for HPLC (Agilent Technologies, CA, USA)

Agilent 1200SL
Thermo Betasil C18,
2.1 mm x 100 mm, 5 um

Instrument

Column

Injection volume 5 uL
Flow rate 0.2 mL/min
. ACN(A): 10 mM Ammonium
Mobile phase acetate/Water(B)
5 min(Equi) A : B = 35 : 65
Gradient 05 min A : B = 60 : 40
15min A: B = 80: 40
Oven temp. Room Temp
Condition for MS/MS (Applied Biosystems, CA, USA)
Instrument API 4000
Tonization ESI
Polarity negative
Scan type MRM (multiple reaction monitoring)
Spraying gas N, (60 psi)

Heating/Drying gas N, (70 psi, 400°C)
Ion spray 1500 V
CAD gas N,, 1.03 x 10'® molecules/cm?

W21 APL 40005 ol-&ste] thiEds S481em
LCel| #zst AHL ThermoAH(Waltham, MA, USA)
°] Betasil C18 (2.1 mm x 100 mm, 5pum)°|3ict. ©]
T 10mM EEFoHEo|EAY oMEYEE F
THE AMEsIler, FEEY A8 FYFE 5
uLE AAsieleh. el AHg At dxls At
o] L3l M- (electro spray ionization, ESI)ol| A
LﬂﬂE]‘ﬁ 2= Z;q O]'M———U:] LC- MS/MS/] }\Rﬂ
Az2712& Table 20 YRS 78S EFeH A
59 AN 2 A WEEFHS o83t

2.6. QA/QC
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AESNRL, Aol 552 5ngle] T2 7}
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3.1. LC-MS/MS 24{=719| X3}

ATl tidstEel tsl A=At 2
EAFAMS/MS)N A -85 TSR
(multiple reaction monitoring, MRM)< 218313121,
MRM 28 A FE3}sigteo] 542 EtelA ol
o] a7t slEld M-HI” 25 7K 3ol ©lE
S Aol (precursor ion)CE AR gL E
7ksle] A sE Aol (product ion)S Table 39
Hepliglth o714 & 5 d%e] PFOA 5 =37}
BRI F2oM dojAl= MRMe| 5748 &3kl
A1 COOH7} "ozt & Fol23le Zlo] 7 2
AI71E 7E™ PFOAS] 73-%-, m/z 3697} [M-COOHI
o sty 2 fJol= m/z 219, 169, 119 5°] 54
Al zxztolo® #FEHAT. PFOA-Tmethyl}
PFNA= Y3 Aol AAdoles 7HEE LC
el Eel7t esirh. gk IHEsHdERS FSO,
(m/z 99) == SO; (m/z 80)S1 M717F 78 =L A
wrte] A5, SO, 7F "oAXUzE 27k0]1 m/z 519

Table 3. Optimized multiple reaction monitoring mode for

the PCFs
Compound Precursor Ion Product Ion
PFOA 413 369
PFOA-7methyl 463 419
PFNA 463 419
PFDA 513 469
PFOS 499 99
PFDS 599 99
PFDSi 583 519
3C,-PFOA 417 372
3C,-PFDA 515 470
BBC,-PFOS 503 99
13C,-PFOSi 487 423
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g3te] el JEs WA %e Ao

TUe Ay, AAol2S 7HA= PFOA-
7methyl®} PFNAE LC ZHoA 28 Aoz 3l
s A=

felr HES 717127148 oldste] A 2
A3FRem™ 0.05~10 ng/mL MM 73] 43| 2]
A g JAAFE 4= A3E Table 400 YERY
ATk B Ao AREE LC-MSMSE 0.05 ng/mL
(GuL %)) olde] s=ox Audo] fast Aoz
=l om A=) aAlTE 0.9986~1.00002
el or 0.1 ng/mlE ©]&3sty AEd A&
AE 0.02~0.03ng, FNEFHI= 9% o= vf$-
v HeollA BFEEHS o] 7Fes Ao U

A
ANFE 7ZF 1L EasEd 2 UREsEde 747
5, 10 ng/mL #7}ske] Fig. 29} 7+& s=Aol wlkel A
Ay, Alses} 9 858 AAS
243 AA He 34ge] HE 745~90%=
Ehgom AHE E3oMe RE PFCs7) 0.1% ©lsh
Atk He = AEE ALstaL &, sk, i 5
o] AL AR FRet A3l wet 1~40%
Hole) e /ER e B3 1412850 9o
U 7tERIA ] F5el wEt BFEEE o83 358
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Table 4. Calibration curves of the PFCs (0.05~10 ng/mL)

Compounds Ton transition Retention time y=ax + b @

PFOA 413>369 5.30 y=0.478x+0.0135 (0.9998)

PFOA-7methyl 463>419 5.94 y=0.131x-0.00113 (0.9994)
PFNA 463>419 6.17 y=0.182x+0.00108 (0.9997)
PFDA 513>469 7.04 y=0.385x-0.0143 (0.9987)
PFOS 499>99 7.84 y=0.0603x+0.0031 (0.9996)
PFDS 599>99 10.29 y=0.0294x+0.00343 (0.9980)
PFDSi 583>519 8.47 y=0.264x+0.00723 (1.0000)"

(*: standard no. 6 is excluded)
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Fig. 3. MRM chromatogram of PFCs.




SPE-LC-MS/MS| 2]3t AEsls)dtEe] 4244 229

OEluting Fr. M Washing Fr.

100
8ot
60
a0t

20k

0 PFOA PFOA- PFNA PFDA‘PFOS PFDS  PFDSi )
7methyl

Fig. 4. Average recoveries of spiked PFCs between
washing fraction by 10% MeOH and eluting
fraction with MeOH (n=6).
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Table 5. Recoveries of solid-phase extraction assays (spiked volume : 5.0 ng/L, parenthesis indicates measured concen-

trations)

SPE PFOA _ PFNA  PFOA 7methyl PFDA __ PFOS _ PFDS __ PFDSi
LB 9 81 80 9% 106 o4 104
(4.9) (4.0) (4.0) 4.8) (5.3) @7 52)
100 83 85 104 95 97 114

8B-S100-FCH 5.0) 4.2) 4.2) 5.2) 4.8) (4.9) G.7)
502 834 758 64 . 1170 960

8B-S012-HCH @51 (417 (37.9) 3.2) NA (58.5) (48.0)
4020 3100 2340 524 . 224 878

8B-5029-FCH (201) (155) 117) (26.2) NA (11.2) (43.9)
116 87 80 108 117 9 117

8B-S100-FB] 5.8) (4.4) (4.0) (5.4) (5.8) 4.8) 5.8)
102 195 137 102 109 626 482

8B-S035-FCH 5.1) 9.8) 6.9) 5.1) 5.5) (313) @4.1)

* NA : not analysed
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Table 6. Summary of the method validation including accuracy, precision and method detection limits with spiking test
for raw and tap water.

Raw (n=3) Tap (n=3)
Compound - Meas. Conc, Accurac Precision MDL'  Meas. Conc. Accurac Precision MDL
(ng/L) v (ng/L) (ng/L) v (ng/L)
PFOA 5.83 117 5.7 1.0 5.80 116 10.7 1.9
PFOA-7methyl 5.07 101 15.2 2.4 5.10 102 12.0 19
PFNA 5.11 102 12.9 2.1 5.45 109 12.7 2.2
PFDA 5.64 113 1.0 0.2 5.51 110 1.2 0.2
PFOS 6.14 123 1.0 0.2 5.88 118 6.1 1.1
PFDS 5.17 103 6.2 1.0 5.45 109 6.2 1.1
PFDSi 5.47 109 10.3 1.8 5.90 118 3.4 0.6
* MDL : method detection limit, MDL = S.D. * t = SD * 3.14 (n=10, 1-a=0.99).
ZZ3193 ZAEE 329 dEf\}?fUr FEEo] A% 2 0.01~10ng/mL Wl HES Az, 2449
sl 94 2 FEE dE 2AAANE HEAE TS 0.9986~1.0000, XW AEIAE 0.02~0.03
4%, 8=, Ads, WHAESIAIMDL) A= H‘Hﬁﬁﬂxk— 9% o= Yelth.
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