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FE [ B8 FTREAR SR EE - = F WA BB EAN S ALM A S P A R F IR ER (PFOS) Fo 4 #LF B2 (PFOA ) 8 7T 471
[ k35T —#F SPE 440, 2 3 20k A8 .98 — = w4 % B R #EAL UPLC/MS/MS 77 ikl & M4 (42 ¥ ) 4. % Ao vt 7 PFOS #=
PFOA 8%, St A T & &t AT L 2 o7 X, PR G B 1A 550 4 2.26 A 2. 17 min, [ 2R ] R A &84 (Na,CO,) (w9 T R Ads 8%
(TBAHS) | ¥ k4 T A ik (MTBE) 4F 2 2 BUX A, HLB /24405 PFOS 42 AR (E ot b 69 AT e & b 46.53% ~T77.35% , % 5t %
$H5.63% ~18.52% ;PFOA 2 F AR 2% vt P e Az @k % 4 59.01% ~ 100.46% , % 7 % 3 4 2.85% ~30.06% , # h FE 55 4
26.90 x 10 *£23.09 x 10 * ng, 48 % £ %34 K T 0.998, [ 4364 & 20 &k — = F v AT $ B3N 2 A4 4 & F PFOS o
PFOA it R AL R E o+ K,

XEE RBFEA A AT (PFOS) ;4 A F 8 (PFOA) ; G 24, 4%
hESES S181;X830.2  XHEHRAE A XEHS 0517 -6611(2016)32 -0071 -04

Simultaneous Residue Analysis Method of PFOS and PFOA in Epipremnum aureum by SPE-Ultra Performance Liquid Chromatogra-
phy Tandem Mass Spectrometry

CHENG Yan' , TANG Jie’* , HE Qian-feng' et al (1. Hefei Municipal Environmental Monitoring Central Station, Hefei, Anhui 230036 ;
2. School of Resources and Environment, Anhui Agricultural University , Hefei, Anhui 230031)

Abstract [ Objective ] The study aimed to researched the residue analysis method of PFOS and PFOA using HPLC- MS/MS in plant samples.
[ Method ] PFOS and PFOA residue analysis method by SPE -ultra performance liquid chromatography tandem mass spectrometry ( UPLC/MS/
MS) of in Epipremnum aureum was established. Analysis and determination conditions were optimized, the retention time of PFOS and PFOA
is 2.26, 2. 17 min. [ Result] The experimental results showed that recoveries of PFOS and PFOA were in the range of 46.53% -77.35% and
59.01% —-100.46% respectively. The coefficients of variation were 5.63% —18.52% and 2.85% —30.06% respectively. Minimum detect-
able mass fraction of PFOS and PFOA were 26.90 x 10 * ng and 3.09 x 10 ™* ng, correlation coefficient is greater than 0.998. [ Conclusion ]

Results showed that the developed method can be applied to analyze PFOS and PFOA in Epipremnum aureum.
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(HPLC - MS/MS&LC - MS/MS)'" "™ & % Wi M 8 3%
(HPLC)"™ AURIB AIX (GC — PCI - MS) 121 4 4 o
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ST A EBORAR A — HRER TR AS DA A i rh PROS R
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BT I 5 B T B bR AR

1 #M5FHZE

L1 UER5iRA WSRO A5 F T 9T : AcquityTM
UPLC/XevoTM (3 [ WATERS) ; 5T : TQMS # J515%4% ( 36
WATERS) ., PFOS(10 mg,98.0% ,f%[E Dr) .PFOA(0.1 g,
99.9% , Fluka) ."” C — PFOS ( MPFOS 5 x 10™° g/mL i &
Dr)."”C —-PFOA(MPFOA 5 x 10 ° ¢/mL{% [ Dr) 341 [ Sig-
ma — Aldrich 23] ; B (8385 2655 [/ TEDIA A +]) , 4liK (M
illi - Q AR, BkFREN (Al g E 2R, e
gt REHOCERHE R AR E) PP JERE (13 mm,0.22
pm) (2 %) RUT ik (MTBE) (65335 41, 3¢ 8 K
M), DT R R &% (TBAHS) (25 g,98% , [ifgBalHi T ) [
FIFEHUH: : Oasis® HLB 6¢c,

1.2 ‘wiERIEEG

12,1 WEZORA 615 (UPLC) 250, A35HE : Acquity UP-
LCTM BEH C (4% (50.0 mm x2. 1 mm, 1.7 m) ;K3 :40 °C ;3
FEE 10 pL; Al A:5 mmol/L Z R4 VAW ; i shAH B H
P, BREEVEM AR 1,

1.2.2 BRERFTIE (MS/MS) 4504, BT ESI - s B4
H1E:0. 60 KV PR FE: 150 °C 5 55 AR 2500 °C; 516
TiE < 1000 L/h s 4 LA - 10 L/h s MS IR/ e i 43 HE %
2.80/14.70;MS2 {I&/ Envi 3384 .3, 00/14. 18 ; MS1/MS2 55 g
#1:0. 6/0. 7 FlfAE SR ;0. 15 mL/min; ZZ4EFLHLE:3.0 V;
T2/ H O E T £30. 0/30. 05 22 S5 Wadll S0 22 2.
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Tab.1 Optimized stepwise gradient eluting conditions in HPLC/MS/

MS in Epipremnum aureum

1.3 RIEFZE AP EDGRIE R T 2 Rl
7 BT T AT, 23 R S B AR 25 A% TR 24 h s,
BORERFES | 43 B8 PFOA il PFOS JRAFRAE TVEW , 1375

il itk WAMHA A B T EE A7 0.05.0. 10 F10. 50 mg/kg, Fi 100 mL B K% ( PP)
F5 Time Flow rate  Mobile phase ~ Mobile phase .

min mL/min A/ % B//% BEOEFREL0.50 g BENL, $REOTE 1A 2 mL 0.25 mol/L
! — 0.400 90.0 10.0 Na, CO, ¥ % ,1 mL 0. 50 mol/L TBAHS ¥ 15 mL. MTBE %
2 0.20 0. 400 90.0 10.0 e o i X i
3 1.00 0.400 20.0 80.0 VK B S E 40 °C ORI iR 20 min J5, L 4 000 r/min
4 3.00 0. 400 2.0 98.0 = . g ; . P ,
5 3 80 0.400 50 98.0 B 30 min, 2 BUJ5 ¥ 2: M A 2 mL g A1 NaCl
6 4.00 0.400 90.0 10.0 YRV, 5 mL B EEVA R L B B 0 A5 7E40 °C KA B 7530 min
7 5.00 0.400 90.0 10.0 15 1L 4 000 t/min 50> 20 min,

x2 SREBENSH
Tab.2 Parameters of multiple reaction monitoring
fe s TG HEALHLE AL feE i
i £ : R . H A2 i B FR B
Compounds tﬁ,?*%? ) EE%? ’E@’%‘¥ Cone voltage /' V Collision energy /' V Retention time // min
Monitoring ion Quantitative ion Qualitative ion
PFOA 412.90 168.96 218.99 14 18,18 2.17
PFOS 498.84 79.94 98.90 58 3644 2.26
MPFOA 421.00 — 376.00 16 10 2.17
MPFOS 503. 00 — 80.00 50 48 2.26
# B ITESR I IS WA — B T R TRE S, bR
W2 W, AIE2 B IR (2Y 14 mL) | $RIBGRCR A AN 22 ":3( C —o)?
KT IR BE - AR AW (11, V/V)SEAE | mlL, g T
n—

) HLB # |-, HLB FEFIEHA 1 mL HIEE 1 mL B4R v = : x 100% (3)

Ak B B 3 B R HIR G R FE R R 2 T/s. FF
RAAW e , AR S fRFF HLB AE7E HL 25 T 14§20 min,
FEEMHRRAW, 1T mL FEEGEGE HLB 4, 3f 35 mLEg
VA SR PR BRI o R WSO Y I 5 IS0 AR 118 8 0 A T RO
PR I B - KIRGW (1 1L,V V) EEE 1
mL, 7ERHEIR 2188 FIRAIE 3 0.22 um PP I, A 2 mL i
AH B SRR, BE SR AR I 0. 040 mg/L AR MPFOS
Hl MPFOA JRAR S0 WL, NFREZHREE )y 0. 002 mg/L, £§
W, BEE 2 A2 FREG (B2 IR BTSN 1) o
e R T SRS LARITEER 2R G875 e, A Al e i S 4k 3t
ST A8 L2 R ST A b e, 5 LA FH B A 0L, (23 R R
F 4> PEEK BB B4
1.4 BARESHH o B ESORH G5 - BRI
2 SN 5 M AR, AR FH 2 B DG RE AR W AT N AR T S
. PIHniE (Internal Standard Method ) J& £, §i% 3 1 H — Ff E
BHERA A2 FE 7%, PRI R T AR % PFOS 1 PFOA #E4T
TET
A/m,
- Ai/mi (D
L, RRIER F5A, FA, 5350 R AR A A5 2 1Y)
WA T AFURITUEE 125 5 m R0 my 535300 SR I A 0 05 A 9

973 8

C.-C
R= ‘S % % 100% (2)

2, R AR IR €, bRl REIREAE ; €, S 2s H ik RE

Ko, CV AR 2B C MR UGRRRI (B ¢ o @ R
DU 5E S 5 n S AR

ZIRE EIFR 25 i) S B4 53 R F Origin Lab /3 & Orig-
inPro 8.5 IR . Excel 2007 J% SPSS 21.0 52/
2 #ERS5HH
2.1 UHPLC -MS/MS R & 4SS #MmH  RIs PFOS,
PROA (LSRR, DERR 188 TR, 7E RIS ™ 1) LAl
b R Eh S L, L0 pl/min i #8% PFOS, PFOA
1 %107 g/mL IRAFRE TARIR IR A B IR, 78 Z 90
W (MRM) #5580 F X} PFOS PFOA 435l 98 £ 5 — 9 i 1% 40 Mr
(QI 48) , PEIEURH 7 F) B 25 0, 77 BF 25 4 4l 1) 1
PFOS 11 B T m/z 4 498.84, PFOA [+ & F m/z N
412.90 K HABFHAT R iE 3B (Q2 33 , I i
B2 AT B X, 525 UL MRM B R A B[]
HEFL RS (R BB A S SR, B R SR S R R

3L B 5 mmol/ T 2L BR B (R TR S LA R 3t
AR R X PFOS PFOA 4385 MR E AT 5T, 45 SR 3R 1
H B 55 2 BRSBTS TR B0 BE PR LA 45 PROS A1 PFOA (1) 43 5
JE TR AT, 100% R BSAE SRy Jd i 22 S e 15 o, 0 7 2%
I Z R R T s R, 26 DL B — 2RV
WA RN, FER AR R T i, AR AE T WA (S 451, 38
S AL 53 BRI = 1) R AU
2.2 FREMETGHIR  EFIFRE(RE) —E Y PFOA
PFOS Frifk i, B - ZKIR G (12 1, V/V) E 25, 43 Bl Be il .
5.5.0.20.0.50.0.100.0.200.0 wg/L PFOA;20.0.50.0.100.
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0.250.0.,400.0.500. 0 we/L PFOS ¥r#fE TAEW W, HERERT, %3 EF PFOS 7 PFOA #of M RABE S5
eI R IN0. 040 mg/LIj\]T/ﬁ MPFOS F1 MPFOA 1RATIA W Table 3  Calibration data,LOD of PFOS and PFOA

SO L, IVERIRARIE My 0. 002 /L, 753, 45 VI 52 B i i - MRAE iR
bl WERELEREL Sy 0,002 me/L, P50, RRMERRAT om0 %) Detection

Wi Rl 2. SRR 2l bn it 4, A th 26 Compounds f;:/lgf Regression equation Corre-lallion limi:
PRSI AACFZAR 3 PFOA 0.5~200.0 y=0.8062x +1.651 8 C(Tf;;c;ém ><2160. 90Ilg
2.3 RBEEMAEBE RELI7ERS DR I PFOS 20.0 ~500.0 y=0:722 6x—3:2936 0.998 1 3.09
PFOS il PROA [ 1 Il C i 0, 47 4 € J% 725 57 26
JA T4 4,PFOS Fl PFOA TR H 23 FURE S FIS IR i HIZE 4 R, SR IO 1R AR B T 20K, Ok 2 R
B TEGRILE 1 G555 PROS M1 PFOA fRRARSIAI 435 2, 87X LU TBAHS Efeud Bk #IOCHEE .

4 2.26 F12.17 min,

%4 PFOA 71 PFOS ZERE R MEKIRKELE R (n = 3)
Table 4 Recoveries of PFOA and PFOS in Epipremnum aureum (n = 3)

feer i fi HEHUTIR Fmiﬁfi)ﬂfigtraﬁon Y= = Roojt]u)f & 25 S AN 25 e R =
Compounds Method = s ] i 5 = H pIENEEVES = = N EEES
mg/kg Matrix / mg/kg  Recovery// % Matrix// mg/kg  Recovery// % Matrix // mg/kg Recovery// %
PFOS 1 0.05 0.067 4 46.53 +18.52 0.044 8 57.37 £14.27 0.058 0 57.53 £9.89
0.10 74.77 £15.75 67.59 £9.65 72.69 £12.68
0.50 68.27 £11.92 74.32 +7.29 77.35 £5.63
2 0.05 0.011 0 ND 0.011 2 ND ND ND
0.10 15.16 £1.61 13.47 £6.54 18.16 +10.07
0.50 5.65+7.95 5.62+1.09 5.98 £11.97
PFOA 1 0.05 0.004 3 59.01 £6.29 0.005 3 63.74 £5.25 0.003 0 69.51 £7.75
0.10 90.18 +£26.59 100.46 +30.06 72.84 +£16.85
0.50 72.34 £2.85 73.74 £4.54 76.46 £3.67
2 0.05 ND ND ND ND ND ND
0.10 ND ND ND
0.50 30.71 £15.34 27.25 £27.63 30.95 £11.79

1 :ND FoRAR ],
Note :ND indicate not detected.

3 &g PRI 46.53% ~T4. 7% A8 7 250N 11.92% ~18.52% ;

ZIFSE IR, SRR b PROS Fi PFOA fREART M 5] RSB ZEP AR 57. 37% ~74.32% ,ZE R RE0N 7.
J92.26 F12.17 min, ZH Na,CO,  TBAHS MTBE /£ N4RH  29% ~ 14. 27% ; £ 4 3 i v il hn o 81 i R J957.53% ~ 77.
A e B4 0.05.0.10,0. 50 mg/kg, PFOS ZEEE B AR 1 (i 35% St FZECN 5.63% ~12.68% . PFOA fES R RIAR

g 100 2.25 5 100 2.17 g 100 2.25 g 100 2.17
] A ] B ] ¢ 80 D
] ] 5] ]
é 60 é 60 é 60 é 60
240 240 240 2 40
= = = =
w20 w20 w20 w20
¥ o ¥ o ¥ o ¥ o
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
B8] Time ff min B8] Time ff min B8] Time ff min 818 Time ff min
2.26
g 100 gy 100 ads g 100 130y 3
E 80 E E 80 E E 0 2403 6
] ] ]
2 40 2 40 240
i = =
20 & 20 & 20
£ g £ £
T 2 3 4 5 1 2 3 4 5 1 2 3 4 5

B8] Time {f min B8] Time {f min B8] Time {f min
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3 100 22 g 100 25 g 100
E o0 H ERY) [ ERY) J
4 2 2
% 60 g 60 g 60
i 40 240 2 40
E 20 ﬁ 20 ﬁ 20
g = &
0 £ ) =)
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
8518 Time /f min B+iE) Time ff min B Time ff min
2.17 2.17 2.17
2 100 g 100 g 100
C;! — —_
g 80 X g 30 L g 80 M
= 60 § 60 § 60
j; 40 g 4 g 40
BO20 g 9 g 9
0 & 0 15 0
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
8518 Time { min B8] Time { min 818 Time f min
0 2.17 o 2.17 I 2.17
5 5 =
ERY) N ERY) 0 2 80 P
§ 60 § 60 g 60
2 2 2
g g i 40
= = ol
5 0 5 0 & 20
= & 2
£ 9 =0 = 0
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

8518 Time ff min

8518 Time {f min

8518 Time ff min

H:A.2 x1077 g/mL PFOS FR7ERE 3% B. 2 x 1077 g/mL PFOA FRifiRE M 15 C. 2 x 10~ ¢/mL MPFOS FRUERE & 1% D. 2 x 10~ g/ml. MP-
FOA FrifEkEfh (i E,F, G. PFOS fE4F B R ZE 0 L i 2s (1 (Al H, 1, ). PFOS R4 B ARZEM L BT P BRI (3% ; K, L, M. PFOA £ 4% B AR =25

FRIERZE A 355N, 0, P. PFOA TR ARZEM R BT RS in (i

Note:A,B,C,D. PFOS, PFOA , MPFOS, MPFOA standard sample chromatograms respectively; E, F, G. root, stem, leaf of Epipremnum aureum. N,P,P.

root , stem, leaf of Epipremnum aureum add chromatography respectively. matrix chromatograms respectively; H,1,]J. root,stem,leaf of Epipremnum

aureum PFOS fortified chromatograms respectively; K,L,M. root,stem,leaf of Epipremnum aureum PFOA fortified chromatograms respectively.
El1 PFOS.PFOA iRt ZEREMTARRFNTES FRIL

Fig.1 Total ion current chromatography of PFOS PFOA standard and in Epipremnum aureum and in Epipremnum aureum

3% 59.01% ~90. 18% , 7% 7 R H H}2.85% ~26.59% ;
FELR B ZE TP (R InAR ISRy 63. 74% ~100. 46% , 7% 5 4K
H4.54% ~30.06% ; 74 H-rp By hnkz B Ky 69. 51% ~
76.46% A5 5 ZBOHN 3. 67% ~16.85% ., ] U, #8540 AR
gl — = DT R I AN €0 3 e e AR - R TR 1 R
TR VR BE R R 9% BE 4, AT R AR AR O b PROS il
PFOA P55 B8 3 T R I A 225K
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Fig.1 Coefficient of variation of soil nutrients and organic mat-
ter content at different spatial scales
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Fig.2 Coefficient of variation of soil nutrients and organic mat-

ter content at different spatial scales
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