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2EALEY (PFCs) BA 1 B A HEa E M AL 2p e i R TS 1 Mg K BB, )12 F T4 4
S BT 0 R BELBR ) 4% Tl b BRI B 5 70 AL T b B SR MR R T I ) L2 SR b AR B A
I R G FIR B & EAER  BEE M XA BT TEA, B E BA R E D E
BUAE" R BT c2e Ak & 0 0 G T ok 32 B AT B 56 1 . 2 BR O A 14 2 [ 28R Ml X 32 18 2 A
BT AR O IR S U B AR AT R 2R Tl SR S U Hh PRCs BRI 5 g, B
14 R E Bl RR ( PFOS) R R E MR (PFOA) 2B i Bk R iE 4 2 oAk &™) . 2009 4E( 7
A IREE 2 ) 1E 2R 4 FE JE 1 TR b H 8 0 4 9 30 26 1 ot R A A FF AR DLTE Ge 25 B, 2006 42
12 A BRI SRR K R SBA A G T IR SR R ey & S i ayF84 )" Bl PFOS 3%
7= I R A S8, AR A PROS R4l & & =0. 005% (50 mg/kg) &9 5 5 354 BRI
JEEAEA ZEI PFOS BT A 7= &, 45 i T2 BT b B S ik B RE. FEMESE
PFOS i &/ Bl & B 45 T et 0. 1% (1000 mg/kg) B AR FIZAT: ; 254050 B IL B R IZF R R &
1 mg/m’, b, M ISR E S/ M XALD WA T AH 00 2 H0ES 11 1% R 75 55 e 45 5 i {1

T2 RAL SR L) 72 THEE R A A e b i b B E T IR AR B Y PRCs B
U 5 0 SR DA , RO, ) R RS 4 B SR, ST — R B 52 9 9 9 3R o PRCs 430 #7 7 3% 38 [
IR AN R 5 B TR X A SCEE T T IR A 10 Fh e mUE HLAL A R DN E O B, TR Y R R
B I P ) R T 5E , RS A R TR N M AT L A R A R R K

AR 1 5 VR € 1% - R TR R 1% ( HPLC-MS/MS) 6 FHHEE AR, 8 ~r T 20 W 8 38 FI L & o PRCs f) 7
e XN SRE SR VPSR ) VK) =3:1 T2 RV, X e AE & | 3% F s v ) 2
KX ( ASE ) $ 5, 48 H ok 25553 B B T 38 b Ay Sk v ik, ZEFR DL LA MR B B
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DAL ERESR2AR) ), 55 B 3k (Waters WAX, i FI KK A 3 mL 0. 1% &AL H B A
3 mLIKTEAL) ;A sl (258, AT S mL FEEE{L) .

H BRI FH R 2 O HPLC 45 DY S0 0k W | Tt TR P 29 D D e &, ‘=K (SR BE O 25% ) s L K A &
Milli-QigfE R4 (0. 22 pm W FEMR) T IEAI =T T7K s N, Ar (0 >99.999% ) 510 Fr 2 AL 54 (2
CER(PFBS) 2% (PFHxS) \ 2| LM (PFOS) 2@ M (PFDS) .23 +—M (PFHxA) 2| =
M (PFOA) (3 T Lefd B8 (PFNA) (25 C i MR (PFDA) | £ 93 e MR (PFUdA ) | 4 58 5 Jo i TR
(PFDoA) ) tiiff dih ( S X =96% ) KA MG X FESHULE 1.

F1 s PHRIETHSE
Table 1 Structural information for the 10 PFCs and MS parameters for analysis

'I:{:-mimum‘] o Structural Retention M{miL[:rri[% DHE:]IL‘-ILEI][% Collision
Abbreviation L 3 . : :
name [ormula Lime min ion pair/ { m/z) potential/V energy/ ¥
G4 o, PUF RS
e 5 -73.9 -57.0
Perfluorobutane PFBS {_ff'-* F 2.90 23;?29 =5 o5
sulfonate acid FT TF S S
|
C6 . FEN ¢
: HO, _ 313/269* ~31.0 <1306
Pt:rﬂuumh{-!ufnﬂ PFHxS gng 4.11 313,955 _40.8 980
sulfonate acid { P FT FF’ F
8. O TEFTTFFT
: : 390./80* -90.0 -78.0
Pedluorooctane PFOS ':-}:L"lﬁ I I ! l l } I I I 5.50 399,/99 50.0 60.0
sulfonate acid (HIT TIFTFFT F : :
F
C10. .
Pedluorodecane PFDS Q.70 2134469 Ehis ol el
. 4137169 -34.7 -25.0
sulfonate acid
Ch . 499,80 * 105.0 85.0
PHﬂlLllll‘llI_lEJ‘.ﬂ[lﬂ-..‘:lL{-‘. PFHxA P OH 14.0 400700 ~ ]ﬂi: 0 _ 75: 0
EI.{".I.{] FF F F F F

OHE g, Fp F

C8, ,
- E .
463/419 S50 147
Perfluorooctanaate PFOA \g( 15.0
s S oois *’AM A 463/169 ~36.0 4.7
acid T F ¥ F

g F
9. DHF Fp T I T
' 513/469* ~36.6 ~15.0
Perfl le PFNA 16. 80
= “"mff';““"”“ k 513/169 ~39.9 ~30.0
ACIC G FI' FF pF |
Ol

C10. f FE FpFE F -
' ' . ~120.0 ~118.0
PHI'EL[IITHI%E{:H.H{}H.LE PFD_'"I. {}W I.T. 4{] 5;3;‘?;]9 _ lgﬂ. D _ ggL n
acid - oF BT pF FFF

Fp B PP Ep FF O

Cl1;
. 2 —-40.0 ~16.0
P{-:rﬂllt}nlu[-l:ﬁt:am}utﬂ PFUJA F - 17.80 5;5;-;"' i]lgg e .
- FE FF FF FF FT
Cl12.
. ; -41.9 -18.0
Perfluorododecanoate ~ PFDoA 18.70 613/369
613219 -44. 8 -31.0

acid

* QuauL'LLuLiw-! Lransilion.
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1.2 @iEsEH

Waters Xbridge C  # (150 mm x2. 1 mm,3.5 pm) ;s HEE(A) F0 0. 1% HEG /KB (B) B
PR FEF:0 ~6 min, 65% A;6 ~ 10 min, 85% A; 10 ~ 15 min, 90% A; 15 ~ 20 min, 65% A; i #
0.2 mL/min; #FFEE N 10 pl,
1.3 JRik&EHE

W, s 25 B 18 T 3 B R - 4.5 KV FRUET) 0. 21 MPa; A 77 0. 17 MPas 5
FIRIRSE 550 C; 4B 30 L/min; 22 52 i W5 ( MRM) #E=CH I, 10 2 54 Pk & Y Y B i 4>
&8 E 1,
1.4 HFmibiE
1.4.1 &EC X THCREE S, PRI 1. 00 g 320, IMAZY S g iE¥E T IBS . MBIRARA BB R IEA
FrHY 30 mL B ANE A ZE G B OR ZE BT , 72— 7€ IR B AR 1 2844 B A, # S R e il
FEA T 30 CHYIRE T IesE 4 2+, 37 VOISR ) : V(K) =31 IHIRERZ 10 mL, 78, |
1 mL PO k- K BB TS N, K EIET, AKFEZ 20 mL, A 2% HEREN pH {H4 ~5,
SR

X TR ARFE S, FREK 1. 00 g iFET 50 mL BLOEH, A 20 mL VO PUSIKR) 1 V(K) =3:1 RGH
I B, PR AR AR SRR 30 min, FLEAS BRI 2 min, BELOHLH, LA 10000 o/ min B0 10 min, BE
WY Sk -7K 2 2 mL FREF RGP, N, KK EIR T, KRB 20 mL, /] 2% R pH{H 4 ~5,
SR
1.4.2 46 K IRPEREEH B IR A BU55 BIRS T2 e (5 R ZE O , 3% SCHR'™ 1 7 SR E AT ¥ HROK
5 mL FERRNIA AN 5 mL HI B UL, F AWM UER . HH 3 mL 8 0. 1% ZoK B B R Be it , SCEE VE ik
i

R AR 78 20 ss Atk [ AHZE JUHE , 97 5 mL 0. 1% Z0K H BRg e , & U T sl A e A
o el E N, S EIET)E M VOFEE) V(0. 1% HRREE) =73 IWiRESRE 1 mL, 3 0. 22 pm &
i, 318 kit HPLC-MS/MS il %€ .
1.5 FREEH

E R4 A s I A7 FE iy F 2 R — 2 i B ] 8l AR o e S Bt R i e . Sede i FR s B
HR Iz — R R R B B R AW . Yamashita 25" Fi T 288K 28 TR AT HAIK , B9
TGY A EREHK P& RRAR, IF B3 FiUe et i PR BT #5%) o Taniyasu %51 JESE 7L S84
Sin A B im R . I, A SC I i Sokl 56 B an A 10 RE S A AR BR 7 LA TR, &5 I AR AR I .
N1 B IR AT B, S B 4t e (o1 5 DU 9B £ A B Y 68 1 B RN A L, E5 5 B O 4 peek BB}
BB, IF B al FERE TR A R B A AR S R TS 3

2 RS

2.1 FmuribBEReaaua
2.1.1 #raai@ioy sk ey AL FIXNEE A T <5 A (R 25 B i i 3 57 A bl , 0 5 38 S0 HL Y
aPEHOT % . HEE T A FIRY SR IPUE 7 H B B 0 0] B U T JEmE V(YRR ) < VOIK) =3:1 fiA
RIS s 5 B R AR SR 3, DABRIR SRR o XS T HRARFE &, VO UM ) - VOIK) =3:1 SRR G #R K, I
5 7B Ay [ . ol T T R 5 A3 B 2 T iR B A0, R T e O 4 RO 570 A 1 7 800 6 oo 2 o
AR LA A B A ) DR P R ZE IS e R, SE B 45 R R I, JRROR o

X FRPRFF ol , 3 i 7 B9 SR USCRARAN AR o A 5T SOR FH PRt 3 371 2 BB BBGPAR A i o PFCs
re—Ra T HEERERTE G PR . B, J05 5 5675 56 H B Or 32 BGR ) se USUR o X T ASE300, B2 2
PWOICR A EZ R IR - I, 4500 5 SeqE R J) 10342, 5 kPa, IFAESE]S min, fASZE U TA] 5 min,
P R B, PRI AR B (60 % HYFE dis AR FR) , N, IIKHH 60 s, 30 1 IR R A T % 58 A [ $ B B
(80.90.,100,110 #1120 C) FRYFEBUNER, SLWETRRKY], 72 110 CHJ 10 Ff PFCs B 1 mAERY B4R
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2.1.2 BRI RKEBOCHRF RIS A B T Ac b 03 R 0 A R - SRRk B
Pl A SZIR AL T A BB AL ER FEAHBEIORE 9 55 1F . 7 SR AL B¢ 11 AR ZE IURE 2 1F 1) W% A, 248 T IR,
LIS R YRR ROR , 851 B, EICRY ARBAE , 550 dr a5 SRR . RS SCHR Y il , 7 R
LR BRT R 6 MkE TR LA AE— 2 RS MIE—, T2 0% 5, 5% B RS
W EAEEEY, MR B2 I B Eh A e A A E A Y AT TE A B Ak B
FWAH L, EAE P mshil, i T PFCs B2—KABTREIEEN . Fitk, 4558 F%
FiI S mL 0. 1% Z 4k BT T VR , 45 R 2207, 10 R 4 64 51 e R HRLE 90% LA I, 5 3R v i v
FI—2, HE— R VBB BRI T T 22, 45 R I, Vel iR B R A R 5 mL B, 10 FhERI 4 AT 5240 DA
A ZEIRE YR T ok
2.2 EEHEHEE

A SR BT B RO A 45 SR 5 2 . SRR RI VR B PFCs ) PR S0 R I 25 P JE R IRD I 9 PFCs
VAW . 25 SRR, 10 Fivd BRI 7E — e PR 132 B AN (B3R ) Bom . R, A< 5230 R
KR AL AR R T T E BT . Reagen 2558 1 N AR 35 A1 3 3L Ji D R -k 1 ) 465 S v
B A2, DAk fo e {5 PR D BEAR I 2 B (AR ) o Furdui 251 A9 SZIG- R T LA A
2.3 ERBRFMGEL

B e B E AL G R BN 2 R R R LS, XA S8 T AN Ee B A B AR
) 0:100,10:90.20:80 .30:70 .40:60 ,50:50 .60:40 ,70:30,80:20 90:10 . 100:0( V( FHEE) : V( H iR KB
) ) HERBH,HmER1~11 4, RER,E 1 ANESRENBRTREA, Egisirs
AT, 5 11 415 7.8.9 F1 10 HA G2 X, HEAFF LB TS H %5 L, Bil, 4525 5% AR
SHEZ
2.4 ZiESEEMB R

B 10 R4 SRAL &Y B A8 20, 40 S BE ] 100,50 .25.5.0 1 0. 5 pg/L — RFURHE TAEIE W, TEXE &
B8 T S5 (E R0 RIS 251 T AT 2 , 10 Fh 2L & W R M 7 A8 R T BRI AH G BB 3= 2. DI
H S/N =3, 75 & H A B A M vk 1, 45 R 3% 2.

X2 W HEFUHSHNERERE KIEEEMEXR
Table 2 Linear equations, linear ranges and correlation coefficients for the 10 perfluorinated compounds

Analyles Linear equalions Correlation collicients Detection limit/ ( ug'L_l )
PFBS A=7.99 x10°p +290 0.999 5 0.3
PFHxA A=3.62x10° +182 0.999 4 0.5
PFH=xS A=2.08 x10°p -230 0.999 6 0.7
PFOA A=5.01x10° +152 0.999 8 0.3
PFOS A=1.02 x10% =50 0.999 9 1.0
PFNA A=2.08 x10°p + 1100 0.999 1 0.7
PFDA A=1.06 x10%% +75 0.999 3 1.0
PFDS A=9.20 x10°p +906 0.999 § 0.2
PFUJA A=2.88 x10°p 830 0.999 7 0.7
PFDoA A=2.60 x10°p —290 0.999 4 0.7

A:[H—!ﬂl& dred ; _p-gf]_.

2.5 79 iEH Bl R R A

A%y 5 I O3 S e VN SR EAT , 9 R R 4 00 0 B VR B R B R 8 T 3 MR
¥ :0.005.0. 01 F10. 05 pg/g. HAME Iy Hk FF B2 B SE I AR, RHE R BEAE SR HEAT U230, MRk
HEH 0. 005 ~0. 05 /g I, WA IR 79. 05% ~ 106. 26% , AHXTARYER 25 K 4. 70% ~15.9%
W3,
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F3 ERARIOMEFXSWHOBSBEMEBRNBEZTESR (n=10)
Table 3 Results of recovery for 10 perfluorinated compounds in lubricant samples(n =10)

Compound name Sample name Additive concentration/( pg-L™") Recovery rate/%% Precision/ 9%

PFHxA lubricating oil 0. 005 70.4 ~105.6 16.0
0.010 70.9 ~99_5 10.0

0. 050 81.0~98.6 6.0

lubricaling grease 0. 005 72.0 ~108.0 10.0

0.010 73.0~101.1 9.5

0. 050 83.0~106.2 6.8

PFOA lubricating oil 0. 005 72.9 ~104.9 125
(0. 010 72.9 ~098.0 8.5

(0. 050 89.6 ~104. 8 6.0

lubricating grease (0. 005 70.9 ~104.9 12.9

0.010 80.9 ~107.9 37

0. 050 83.6 ~102.6 4.9

PFNA lubricaling oil 0. 005 72.9 ~105. 4 11.5
0.010 70,0 ~103.0 9.5

(0. 050 91.6 ~108. 8 6. 50

lubricating grease 0. 005 70,0 ~102. 8 13.9

0.010 74.0 ~104.0 11.1

0. 050 90.2 ~105.9 4.8

PFDA lubricating oil 0. 005 72.0~102.9 11.0
0.010 82.0~97.1 6.4

0. 050 80.0 ~101.0 6.8

lubricating grease 0. 005 71.3 ~104.0 10.5

0.010 71.0~95.9 8.5

0. 050 83.7 ~106.2 6.3

PFUJA lubricating oil 0. 005 70.5~107.2 9.1
0.010 72.8 ~109.2 15.8

0. 050 81.4 ~107.0 4.2

lubricaling grease 0.05 74.0 ~100.0 11.9

0. 10 70.0 ~109.2 8.7

(0. 50 B8.8 ~103.0 6.5

PFDoA lubricating oil 0. 005 72.0 ~103.0 12.0
0.010 79.0 ~101.0 8.9

0. 050 89.0 ~109.2 6.8

lubricating grease 0. 005 T7.8 ~100.0 9.0

0.010 81.9 ~96.9 6.8

0. 050 90.2 ~105.3 T2

PFBS lubricaling oil 0. 005 70.0 ~106.0 14.9
0.010 80.0 ~109.5 11.0

0. 050 81.0 ~98.6 1.9

lubricating grease 0. 005 74.0 ~102.3 12.0

0.010 73.0 ~106.1 6.0

0. 050 86.3 ~106.2 3.6

PFHxS lubricating oil 0. 005 T0.8 ~104.0 15.0
0.010 75.0 ~104.0 8.6

0. 050 81.7 ~108.7 3.3

lubricating grease 0. 005 70.0 ~108. 8 12.0

0.010 83.0 ~107.9 5. 60

0. 050 BE.8 ~102.6 4. 70

PFOS lubricating oil 0. 005 70.4 ~103.6 16.9
0.010 75.0 ~106.0 9. 90

0. 050 91.2 ~108. 4 6. 00

Continued on next page
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continued from previous page

Compound name Sample name Additive concentration/( pg-L~") Recovery rate/%% Precision/ 9%
lubricating grease 0. 005 70.8 ~108. 8 15.5
0.010 74.0 ~104.0 14.7
0. 050 90.2 ~108. 8 7.20
PFDs lubricating oil 0. 005 71.3 ~098.7 16.9
0.010 74.9 ~109.0 9.90
0. 050 80.0 ~101.0 6. 00
lubricating grease (0. 005 71.3 ~108.0 16.0
0. 010 75.8 ~109.0 9.90
0. 050 85.7 ~106.2 6. 00

2.6 #FamillzE

REFAS T AN [FZE R Y 10 AR AR S alE AT 1 oAl i , Bkl e S5 & OP 7 AP TE 2 /44
MR ity ARSI 2 e Kt R ( PFOS) |, BRER VR BE 0511 04 10 160 we/g, WL 1578 3 {3 S wF dn
Forill H 4298 O R ( PFHxA) < JREHRE 4050 0. 10.,0. 03 F10. 35 pg/g, W 2; HERFMYIRKEH . Bk
AT L, A5 O3 FE AR i AT S B S - ROZEK o BRI, T e 7R 570 ) e AR A B 3 [ Y X 71 52 2 B
CEV V-3¢

- T
ook B PFOS FFNA
PI-OS 30000 F %264 RIARE
8,20
20000 F
Fs iz UL
- =
| CHICMh H{HHH
P | G _ J L JL _
[ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
.0 w) 1.4 12.4] 1.4 ” {2.0) A1) [1).03 | 2.4) | 4.4)
Time S min lime/ min
B 1 POEEEES: A1(A) BEgh A2(B) B8 E M o ig
Fig. 1 MRM chromatogram of the positive sample A1(A) and A2(B)
p(PFOS)/(pgrg~'):4.10; B.60
ZS(HHY i PFHxA
i PTTIxA waer A ook © 1349
20000 1953
156t 1000 PFHxA 20000}
E: b 13.47 =
- -, -1
100001
SOHHH 10000
000} | } _
e e e L
- .10 .0 101 12.0 140 f1.0 =0 IR 12,0} 14.0 i} .0 10.0 12.0 14.00
lime ' min Time S min Time s min
2 POMEEES: B1(A) B2(B)F B3 (C) b5 THUH O A
Fig.2 MRM chromatogram of the positive sample B1(A), B2(B) and B3(C)
p(PFHxA) /(pg-g™'):4.0.1; B..0.03; ¢.0.35
4= >,
3 4

TG RFI ATy 8 R A A OR A, i) PR e o, e B R A B oy , EE BT, 16
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Simultaneous Determination of Ten Kinds of Perfluorinated
Compounds in Lubricant Samples by High-performance
Liquid Chromatography-Tandem Mass Spectrometry

ZHANG Daihui®** , LU Lijun®, ZHANG Xun", MU Jun", ZHOU Xiao", HU Tingting", HAN Dachuan”
( “Jilin Entry-Exit Inspection and Quarantine Bureau ,Changchun 130062 , China ;
"College of Life Sciences , Jilin University , Changchun 130023 , China)

Abstract An analytical method based on high-performance liquid chromatography tandem mass spectrometry
has been developed for the determination of 10 perfluorinated compounds. Various lubricant samples were
extracted with the solvent. Then the extract was cleaned up by Oasis WAX and Envi-carb solid phase
cartridge. Qualitative and quantitative analyses were carried out for the analyte under the multiple reaction
monitoring( MRM) mode after the chromatographic separation over Waters Xbridge Cz (150 mm x 2. 1 mm,
3.5 pm)column. The limits of detection for 10 perfluorinated compounds were 0. 001 ~ 0. 005 mg/kg. The
mean recoveries at the three spiked levels were 79.05% ~ 106.26% , with the intra-day precision less than
10% and the inter-day precision less than 20% .

Keywords high performance liquid chromatography tandem mass spectrometry, lubricants, perfluorinated

compounds , analysis



