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Development of a pretreatment method for determination of levels of
perfluorinated compounds in foods according to fat and protein contents
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Abstract Perfluorinated compounds (PFCs) have recently been recognized as global environmental pollutants. This study
was performed to develop an analytical method for determination of levels of PFCs in food by LC-MS/MS. One hundred
and nine food products were divided into two groups based on their fat and protein contents (high and low), following
which samples containing high fat and protein contents were pooled and subjected to pretreatment consisting of enzymatic
degradation and hexane extraction. The limit of detection of 17 PFCs in the samples were in the range of 0.013-0.145
ng/g. The degrees of precision of detection for group 1 (samples with low fat and protein contents) and group 2 (samples
with high fat and protein contents) were 0.8-21.1 and 1.7-28.2%, respectively, with an accuracy of 78.8-109.8% for group
1 and 80-114.5% for group 2. This study indicated that pretreatment of high fat and protein foods with enzymatic
degradation and hexane extraction would improve the detection of PFCs in food.
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o] ®ol¥3l dA| PFOS ¥ A
S} of| A PFCs A AEE

% QoA AAE AT
2 AL FASE Slow, 4%
PECsell digh <Al =% b 7]%<l
daily intake, TDI, ug/kg bw/day)<
7L71— A ;‘5}03@

3l /\}alo Uﬂoﬂ 1H PFOSO]
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deixluk glom (1), PECse] ¥ “%Z%‘il:— 21EQ

2E0] Ao H
2S5 ek(12-14). WebH PRCse] Qo] AF3 BT 2
2ol Qe v, AF F PRCsel FEE el Aol g
a3,

A& F PFCsEAS 913 A% =& (solid phase extraction,
SPE)(15-18), ©]2*% 3% (ion—pairing extraction)(19,20), 4 ]-4
Al =% (liquid liquid extraction, LLE)21) 5 TF&s Axjg] W
HE o83l eH, A4S o83 AT WHE HALwRIrk(22,23).

9)=te] A9 AF F PFCs?] AqgFol] et A7vt Ews)
QY QA TH(17,24-27), FW AFE] PFCsel st A+= 34
9 A =E Ao vs] B3 Aotk g deolA T2
AAEL e AFS TRV A= vEn, F8 SHAFo|

o=t Hls AgHo] Arhs HollA ztol7h A7) wiiEel =

W REHL 9 AF W PRCsS] B4 A% AEE A4
WA 3PS Bask ek olo] B AyelE il 4% AF
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oAl A s} el kel zlolR AFE RSt WA W
HE I3ty A5 dAZZrrEH F-FAFEA 7 (LC-MS/
MS)E o] &35l 2F Ul 1752 PFCsE E4I5l7] $3 #49

CHAAI =2
B Ad7elxe “AF T FAVIE M A dgel wE A
A

ZFA U85 wkgste] wdsel 48 Al
Wekake] 9ol 3% wwkl A% Group 1, 3% ©1d3l 74t Group
22 BRI e AgE FRF QN (1:1-1:3) o]
972 ddsteien ddstE AREE 10 ¢¥ 2FEE B
o} ERARE W] AIATE RE A B4 A7 20
°C W&l Basid
Alet g 717

B AlS

2 AFo| AN PFCs 17859 EFE4 perfluoro-n-pentanoic
acid (PFPeA), perfluoro-n-hexanoic acid (PFHxA), perfluoro-n-
heptanoic acid (PFHpA), perfluoro-n-octanoic acid (PFOA), per-
fluoro-n-nonanoic acid (PFNA), perfluoro-n-decanoic acid (PFDA),
perfluoro-n-undecanoic acid (PFUnDA), perfluoro-n-dodecanoic
acid (PFDoDA), perfluoro-n-tridecanoic acid (PFTrDA), perfluoro-
n-tetradecanoic acid (PFTeDA), perfluoro-1-butanesulfonate (L-
PFBS), perfluoro-1-hexanesulfonate (L-PFHxS), perfluoro-1-octane-
sulfonate (L-PFOS), perfluoro-1-decanesulfonate (PFDS), perfluo-
rooctanesulphonic  acid (PFOSA), N-methylperfluoro-1-octane-
sulfonamidoacetic acid (N-EtFOSAA), N-ethylperfluoro-1 octane-
sulfonamidoacetic acid (N-MeFOSAA)?} 1052 WHEFEZ per-
fluoro-n-[1,2-°C, Jhexanoic acid (MPFHxA), perfluoro-n-[1,2,3,4-
BC,Joctanoic acid (MPFOA), perfluoro-n-[1,2,3,4,5-"*C,]nonanoic
acid (MPFNA), perfluoro-n-[1,2-"C,]decanoic acid (MPFDA),
perfluoro-n-[1,2-"C,Jundecanoic acid (MPFUnDA), perfluoro-n-
[1,2-°C,]dodecanoic acid (MPFDoDA), perfluoro-1-hexane['*0O,]
sulfonate (MPFHXxS), perfluoro-1-[1,2,3,4-C,Joctanesulfonate (MPFOS),
N-methyl-d3-perfluoro- 1-octanesulfonamidoacetic acid (d3-N-
EtFOSAA), N-ethyl-d5-perfluoro-1 octane sulfonamide acetic acid
(d5-N-MeFOSAA)= Wellington Laboratories (Guelph, ON, Can-
adapllX A3 T3k, dxjglell ARREE Z2H|o] 2 (protease),
glolso] 2 (lipase), BB ERFFE AN F (tetra butyl ammonium
hydrogen sulfate, TBAHS), ®HAH2~4+F(sodium bicarbonate,
NaHCO,), F58HitaF(sodium carbonate anhydrous, Na,CO,)
sFeF 99%<]  Sigma-Aldrich Chemical Co. (St. Louis, MO,
USAYlIA FAste] AR em, #4981l wghE, S/, oF
M EY E  (acetonitrile), ™ B M€ ol Bl 2 (methyl-t-butyl ether,
MTBE), #A|<l(hexane)> HPLCE+H2Z Burdick and Jackson
(Muskegon, MI, USA)A] -3te] A3t

A8 FA3ol= =AY (BL-1401 KR, Tefal, France)S A-&-3131
or, a48dS Fl8l ElY7](SH-803R, Ilsin, Korea)S ©]-&-
st =2 F&& $8 2295%71(5510R-DTH, Bransonic,
Danbury, CT, USA)?} 332 HE7](AG, FINEPCR, Korea)g A
s SEEE 9 Y4EE7l= PLC-05 (Gemmy Industrial
Corp., Taiwan), 552 $13] AH8-¥ F%7|= Eyela (Tokyo,
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Group 1: A 2 opflFeol FF7E 5 4348 &6t
A3ek AR 1gS 15mL FEO g WREFEEEEgd 20
uLE %718 ¥ 05M TBAHS 1mL, 025M Na,CO
2mLg ¥ol 108 5% 253 FE3I8Th 28, A &
S ¢ MTBE 5mLS 23 3dwnbz|o] 3087 vH-S-AlF T

2
an)
Q
o)

A4 T 8
Pl ATV AR FEHZ A "otk AEdv g FH
2 AalEE7)0 Yol HEAY| 2, oMEYUEY 200 LS 2ol
ol

Group 2: &7 B AHFe 7HF 5 6671S T3t +4
shet AlE 1gS 15mL FE 232 WREFEZAEFY 20 uL
g A7rech A g oA A9kE PFCsE 7HEEElat] Sl
3 zZR2Ho|x9t gloldlo]lAE 77t 350 L Hol F 4olE
&, 37°C FgujdrlolA 16A17F B9t wHSAIFAT o] % A A
AZ 98l A2 5 mLE 93 SHwnbr|olA 108 <t A
S &3 YAEEIINA 4,000 ppml 2 SEZF B FE
ato] AFeivt Wk 2ol A|AE AlEe] 0.5 M TBAHS 1

mL, 025 M Na,CO/NaHCO, 2 mLg ¥o] 108 &<t 233 5
ZsIich. 223, MTBE 5 mLE ¥o] A FE3 A4de
9 B 42dS A2 FHA 97 gt 4299 ge
FHE AFEF7el Yol FFA7IL oMHEUEY 200 pLg
go] AjzAste] LC-MSMSOl F93sted A& #4510 thFig. 1).

LC-MS/MS 2M =7

2% F PFCsE #4317] f18te] 4% A A=2ntE 1T
(Agilent 1100 LC series, Agilent Technologies, Palo Alto, CA,
USA), ZAZFE47]1(API 4000, Applied Biosystems, Foster City,
CA, USAYE o|&3lon, A4S YMC-ODS AH(2.0x150 mm,
3.0 um, Waters Co., Milford, MA, USAYS AM&-3litt oA &
e 5mM oM EAF R EF(0.02% formic acid) &N (A)F
100% WEEB)S HARIRAHO R o]83ke] 200 pul/min2]
FEoZ ARSI AHEAe s v ZUE H(multiple
reaction monitoring, MRM)2] 0.2 g-o]2 R oA EAs1t),
LC-MS/MS?] 42742 Table 1, A7 =2 1753 1059
YWREEZEZ digt "ol Aol HH= Table 20 1t
ER ATt

%

2 AANSRT AL E (precision) B 7R W BA%E Zho)
EFAAHRSD) #e= AN & A7-9] HEIHA(LOD)
= ¥E289 77K F5(0.01, 005, 0.1, 0.5, 1, 2

| Aol FFAAE AP 71E72 ol o]
4 =
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Group 1

=2 E 388 %] A 50 WAl 1 & (2018)

Group 2

Pooled samples 1 g

Pooled samples 1 g

+1.8 20 uL

|+1520pL

Enzyme hydrolyis
(protease, lipase)

l37°c 16 hr

Hexane 5 mL * 2 times
(discarded)

l

Buffer solution

+0.5 M TBAHS, 1 mL
+0.25 M Na,CO4/NaHCO;, 2 mL

Sonication

l 10min

Liquid-liquid extraction

+ MTBE 5 mL
Rotator 30 min

Centrifuge

l 4000 rpm, 5 min

Dry supernatant
& reconstitution

Acetonitrile 200 pL

LC-MS/MS

Fig. 1. Pretreatment procedure for LC-MS/MS analysis of PFCs.

Table 1. LC/ESI-MS/MS conditions for analysis of PFCs

Parameter Condition
Column YMC-ODS (2.0x150 mm, 3.0 um, Waters)
Mobile phase A: 5 mM ammonium acetate with 0.02% formic acid in water, B : Methanol
HPLC Gradient Time (min) 0 5 13 131 25
B (%) 30 100 100 30 30
Flow rate 200 pL/min Injection volume 3uL
Ionization mode ESI negative Curtain gas 25 psi
MS/MS Ion source gas 1 40 psi Ion spray voltage (V) -4500
Ion source gas 2 60 psi Collision gas (CAD) 6eV
a3 oF AgoeH oRE HAas N2 £ A3 Pod ¥4 A &
E7] W&o 249 == H&E dE 4 Arh28). Kérrman
AE AME & PFCs 2MY ZE S23)°] AFellx= PFCse T do] T 823 ZalE 915t
2 ATe AF T 1789 PFCs £4g ¢33 AAHe & BEAE ogsi7]dl & ﬁ?—oﬂﬂE At gl o] gtk =
Hatr] el ArEen, AFe S dy 2] et = A 8] Group 29| A &4 A& AAISITH
Group 13} Group 22 #R3IL IFHE &£ AEE TEY Group 13} Group 2 Z}ZH oz A & 7
ARG £ AlEE 2] 7HA] AEE shuE st & o] PFCse] A¥=, UL 2 AESAE Table 33
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Table 2. Optimization of MS/MS parameters for the analysis of PFCs

Compounds Q1" Mass (amu) Q3? Mass (amu) DP? CEY CXP?
PFPeA 263.0 218.9 -25 -12 -13
PFHxA 313.0 268.9/119.0 -35 -12/-30 -7/-5
PFHpA 363.0 318.9/168.9 -35 -14/-24 -7/-9
PFOA 413.0 368.9/168.8 -40 -16/-26 -9
PFNA 463.0 418.8/218.9 -45 -14/-26 -11/-13
PFDA 513.0 468.9/218.9 -45 -16/-26 -13
PFUnDA 562.9 518.9/268.8 -40 -18/-26 -13/-17
PFDoDA 613.0 569.0/168.8 -35 -18/-40 -15/-9
PFTIDA 663.0 619.1/168.9 -40 -16/-44 -9
PFTeDA 713.1 669.1/168.9 -50 -20/-44 -9
L-PFBS 298.9 79.8/99.0 -70 -60/-42 -3/-5
L-PFHxS 399.0 79.9/98.9 -95 -78 /-54 -5
L-PFOS 499.0 80.1/99.0 -105 -92/-70 -5
PFDS 599.0 79.9/98.9 -55 -120/-92 -15/-5
N-MeFOSAA 570.0 418.8/482.8 -80 -28/-22 -9/-15
N-EtFOSAA 584.0 419.0/526.2 -60 -30/-26 -9/-13
PFOSA 498.0 78.0/168.7 -85 -70/-40 -3/-9
MPFHxA 314.9 269.9 -25 -12 -5
MPFOA 417.1 371.9 -40 -16 -9
MPFNA 468.0 423.0 -35 -14 -11
MPFDA 5149 470.0 -35 -16 -11
MPFUnNDA 564.8 520.0 -35 -16 -13
MPFDoDA 614.9 570.0 -35 -18 -15
MPFHxS 402.9 103.0 -85 -60 -5
MPFOS 503.0 80.0/99.0 -110 -90/-76 -3/-5
d3-N-MeFOSAA 573.0 419.1 -70 -30 -41
d5-N-EtFOSAA 588.9 418.9/531.1 -75 -32/-26 -7/-13

YQl=parent ion, m/z

2Q3=daughter ion, m/z
SDP=declustering potential (V)
“CE=collision energy (V)
SCXP=collision cell exit potential (V)

el e @7} A3} Group 12 78.8-109.8%, Group 2 80.0-
114.5% HAAE BAY L= Z5 7+ 0.8-21.1, 1.7-28.2%2]
Heldon, AT A ARAFO)E ZE E2°] 0999
ooz Jeht A B4 FES FAEE HAFUL &
Ao AESA= 00130145 ng/mL°1 Foldtt.

Ropers 5(29)°] PFCs®] %43 /438 &<18taLAl PFOS
9} PFOAS] wXH| &S ¢A}UP A3, PFOSE 43 573l &
AalA EXa JAIL, PFOAE F=2 40 BXseE EAS B
Atk Ruskgith o] AT AxE H|FoE wf, Group 2] %
2 W F dA919 2E7t PFOSY 34goll BES vE A
_E A=, E Aol Group 13 Group 22 PFOS 3

°ﬂ ol SHEE A4S AAE A3 F 257 PFOSY)
Eoll ZFo]7t flATHp>0.05). webA A1 %27} PFOS
9 §]-’Ftc°_r°ﬂ FFS MAA R AoE Kl

B Aol Group 191 ¥ 2]F0M PECsE EA3 7|1& o
TE HW, Herzke 5(30)°] A7), A=, oo} E 2 4go]
N FHETA dEA] 87 AAE 5] MTBES
o] &3 QA FE F XA FEFE AT FAH HA
FIAMQL)= 2-50 ng/kge] BFoH, = 72-133%, FL
T 227%% B A7 HlE) AEAlEETT =90 AEE, A
Fe= Sy

L
fr <

r.l

B A9 Group 20 EFE 2]ZFoA PFCsE EA3) 7|& o
T= ®™, Hradkova S(31)°] A=< °1Tr9} FE TR
3%9] PFCsEdS MehE S o]gste] F&3 A4S 39&0]
104-116%, AZA7F 0.05-0.1 pgkg HE
A= E%U;} Zhao 5(32)°] F=¢] U}a°ﬂ 1 TA7 20709
oJFolA F 9% PFCs B2 2 ionpairing & JAFFEZE A
Alste] HPLC- MS/MSE A3 A3, 8488 79-114%, 33t

A(LOQ)7F 0.25-1 ng/ge] WHZE B AT} v|3t 3488 12
At} Vassiliadou $(33) 28] 2=0fA °“ﬂ'ﬂ—i HHske 2

Azl =718k 24 7K Bl FE71(AES)E 01%@ 7}
FAAFEZH(PLE) S Z HA2] § LC-MS/MSE 12%<2] PFCs &
2 245 A, 3582 60- 90% AZETA= 0.20-0.94 ng/g -
Fo2 B Ao H3] W Irgs Holy 2 HAEWME

UERH A

& A7-¢] Group 13} 2¢0| sFsl= 4FellA PFCsE #413
71E ATE BY, ¥4E AE e 98 AF 283 29

H AFAA 1082 PFCsEdS dAIFE IASFESIAL
Envi-CarbE ©]-83t BAE AAS F B4 43, 3]58&<] 30-
133%, AZ3AIE 0.012-0.12 ng/g HAS iau}(m) ol B
7o AEFA= HssHAT Fase W7 WA U
Schecter 5-(17)°] BIARZS] FruupzloA] Fdet 3] AEFS

nE
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Table 3. LODs and assessment result of analysis feasibility (accuracy & precision) of 17 PFCs

Group 1 Group 2
1)
Compounds (];12]1?11) Accuracy (%) Precision (%) Accuracy (%) Precision (%)
0.2 ng/mL 1.0 ng/mL5.0 ng/mL0.2 ng/mL 1.0 ng/mL 5.0 ng/mL.0.2 ng/mL 1.0 ng/mL5.0 ng/mL0.2 ng/mL 1.0 ng/mL 5.0 ng/mL
PFHxA 0.045 101.8 104.8 101.2 5.1 32 2.1 83.1 109.0 89.5 16.3 7.7 6.1
PFHpA 0.034 102.4 106.1 105.8 3.5 34 4.7 89.4 81.7 87.6 10.7 194 13.3
PFOA 0.02 103.9 96.4 90.4 2.8 3.7 23 84.8 100.2 81.8 11.3 17.4 8.3
PFNA 0.043 98.5 97.4 96.5 10.0 8.7 1.9 100.2 96.3 81.3 7.7 4.8 1.7
PFDA 0.026 101.7 103.9 100.0 6.4 3.8 34 109.2 104.3 82.8 5.5 4.5 4.9
PFUnDA 0.081 100.6 106.7 109.6 34 3.8 7.4 104.3 104.0 89.5 3.1 4.7 4.6
PFDoDA 0.019 95.1 107.4 106.5 32 8.9 4.1 111.2 108.3 88.4 1.9 5.4 5.8
L-PFHxS 0.013 91.3 105.4 98.7 6.7 5.0 7.0 111.3 105.2 80.8 12.8 10.7 7.0
L-PFOS 0.044 96.6 99.9 105.2 6.5 8.2 3.6 873 94.3 86.5 14.8 114 6.1
L-PFBS 0.145 90.6 93.7 84.7 19.7 3.8 4.0 102.9 99.7 80.1 9.2 5.5 3.7
PFPeA 0.032 78.8 92.9 82.4 21.1 6.2 32 95.0 83.6 81.3 28.2 11.3 6.6
PFTrDA 0.013 99.1 94.8 93.3 3.7 12.7 8.8 114.5 103.7 80.0 52 5.9 3.1
PFTeDA 0.043 109.8 92.9 93.2 11.1 5.2 0.8 95.2 106.7 97.2 13.9 7.5 6.0
PFDS 0.079 101.0 105.8 102.6 6.6 6.3 6.8 97.1 109.0 108.7 14.4 8.1 8.1
N-EtFOSAA  0.035 106.4 106.8 103.5 52 5.2 3.0 109.9 99.7 100.6 8.9 79 6.3
N-MeFOSAA 0.114 97.7 99.8 104.3 12.5 10.0 8.6 833 100.1 95.6 7.7 7.7 9.9
PFOSA 0.129 100.4 92.8 95.3 9.9 12.8 3.6 82.0 104.9 99.9 17.1 11.2 10.6
DLimits of detection
HELE 35 § ZAGFES AL LC-MSE 1154 PFCs Table 4. Concentration of PFCs in composite samples
=24E Aotk 2 23, AEIAE 0.01-05 ng/g BARL Compounds Group 1 (ng/g) Group 2 (ng/g)
o WREFEZ] I8 65-105%2 2 Aol vlE] v 3 PREA 0.00 0.10
TE€I =& HAEMAE B Ostertag 0(25}— 7H‘/‘ru}° o] o PFHDA 0'05 0'13
HEA o AHlsl= AZ S were A== p ) .
A0 =2 ]O]’“‘ 57H"] SE= ]LEE < —l—x'“ ST= PFOA NDV 0.19
2 A LC-MS/MSE 9%2] PFCsE E“ é‘J)r e PFNA 0.04 0.16
6-81%, WHAZEIA(MDL)E 0.05-0.97 ng/gl 2 e 3483 PFDA 0.03 024
ES AR vepslt PFUnDA NDY L15
2 A Ae} 7|8 A7 =i IeE ¢ HEIM PFDoDA 0.02 0.29
E v E 23, & A7 At 7S IeEd w2 WY L-PFHxS 0.15 0.08
HEI 7S Hof 2 A7 A Akd 213221 Group 1 L-PFOS 0.68 1.87
9] jon-pairing FAg] WP} TAY ATEA 213Z20 Group 29 L-PFBS NDY NDY
4 2 FARD M2 F ion-pairing HHE] WHe] thE A PFPeA 0.05 023
T-o] Az R vgEAel Ageirta dddEnt PFTrDA 0.02 0.55
PFTeDA NDV 0.11
AlZ S8HA|E & PFCsQ| & PFDS NDY 1.05
23 AEAEE BA% 23 Group 13+ Group 2014 PFBS N-EtFOSAA NDV 0.10
= 2% E7d&01t & 17719] PFCs 5 Group 18] E3AIR N-MeFOSAA ND 0.15
£ 52.9% (n=9)7} AZHAIL Group 28] EFA BN E 94.1% PFOSA NDY 035
=167} AE5o] £ Ao WHog we F79 PFCsE ¥ Total 1.14 6.74
A des G@lEsith 2 AFE $=5 29 Group | "ND=Not detected, LODs are shown in Table 3.

3} Group 2¢] PFOS7F 7z} 0.683} 1.87ng/g2 2 7F% =4 4
ZE AL e §1‘° AE vwe® yeht =S4 5
2Z Z PFCsY 09 & 38 Aoz F4HHIIT & PFCs
FXE Group 13+ Group 27} 22} 1.14, 6.74 ng/g®Z Group 2
9] F%7F Group 19 vlal <F 6] =A HEE S TtH(Table 4).
Schecter 5 (17)°] A121L= Atk 7L 5 31709] A1FClA 11
%9] PFCs B4 £43 43 PFOAQ} PFBS, PFHxS 3% 7
gﬂﬁiﬁtﬂ PFOAT 31719l 21F FolX 54.8% (n—17)7]' A&
RA I FE HLE 0.02-1.8 ng/gaigttl, FAES A5 BEol
ARE 1.07ng/g= E=A HAESEATH AlEDF Ak, Z.%X}ﬂl*i%

__r_

[eX7e)

PFCs7t HAEHA 2%ar ti7oll X PFBS} PFHxS7F 22+ 0.12,
007 ng/g T2 AEFUh

Hradkova S(31)°] A5 AHIEE 35719 oF Bx8
EAFAA 359 PFCsE w48 23}, 71 22 =2 HAE
H 522 PFOSoIen 1 W7t 0.7- 128pgkg°ﬂ*7 Hojg] &
£ 12-5.1 pgkg
Aol %i%l %¢7} 5.1 pgkgzi 7 =)

S PR

l‘

=2 @%Qﬁ’il



N
ou:
)
i
=
i
oot
ot
2
k=)
i
1>
i
o
o
&

He S(1)°] 15719 o] FollA 8F4 PFCsE
Edo| A&} ofFAM HEH F PFCsY]
ng/gdl WHE UeEhdy HIFTEE 1350 nggl® B AT
Group 24&5%E 6.74 ng/gell ¥l =& F=5 BT ¥
H BAE HE FEE 022-5.03 ng/gdl HWHE ety 7
=S FEE 71E2H 22 PFOSE Ho 5.03 ng/golATh

=9]9] 21F Y| PFCs BEUEHY ATEAE HENELS u,
o] Aol HlE] o}Fet 2 7EEelA PFCse] S&E7F
= AEEHIJL 2 FME PFOSY F=7F =4 UL Ro=
vepdth olge dxE T3l 2 A9 Group 2 EFAIES
PFCs&=7} Group 1| EFAIE vIs| =4 AEd 32 o7
2 7FsEe] EEE] wiEe] Yehd AxE AlEEh

v 2 ATe eV AFAEE £st BHT 45
2, 77 AF F FEe ¥ F $19] Schecter 5(17), Hradkova
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