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|
1.1
: Agilent 5975GC-T890MS( ) ( )
( ) -
- ( )
( ) +5% ( Wellington-Laboratories ~ Canada)
Supelclean Envi-Carb( Sigma-Aldrich USA) 1.
1
Table 1  Information of standards of polyfluorinated alkyl substances
/( pgemL™")
6:2 FTOH 2- - (6:2 ) CF,( CF,CF,) ,CF,CH,CH, OH 50 + 2.5
8:2 FTOH 2- - (82 ) CF,( CF,CF,) ,CF, CH, CH, OH 50 2.5
N-MeFOSA N- CF, ( CF,CF,) ;CF,S0,NHCH, 50 = 2.5
N-EFOSA N- CF,( CF,CF,) 5 CF,S0, NHCH, CH, 50 + 2.5
N-MeFOSE N- CF,( CF,CF,) ;CF,SO,N( CH;) CH,CH,OH 50 + 2.5
N-E{FOSE N- CF,( CF,CF,) 5 CF,S0,N( CH, CH,) CH,CH,OH 50 + 2.5
PFOSA CFy( CF,CF,) ;CF,S0,NH, 50 2.5
7:2 sFTOH" 1- - CF,( CF,CF,) ; CHOHCH, 50 4 2.5
50 + 2.5
M-8:2 FTOH** 2- - 112H, -12%¢, - CF;( CF,CF,) ;CF,"* CH, " CD,0H BC, >99% H, >98%
M-N-EtFOSA** N-  ds- CF;( CF,CF,) ;CF,S0,NHCD, CD, B, >99;02;22;-;8%
" D% %
1.2
Envi-Carb
. Envi-Carb
10-11
-20 C lg
15 mL 150 wLo100 pgeL™" 9 . 4 mL
Vortex 5 min 30 min 3 .
100 mg Envi-Carb 5 min 0.5 mL. 3
3 . 200 pL 10 pgeL™!
7:2 sFTOH 9 mm
400 mL 150 pL.
100 pgL™" 9 30 mL 10 min 2
70 C 5 mL 0.5mL 200 pL 10 pgeL.~'7: 2 sFTOH
2 km 2 .
-20 C 72 h. 2010 12 25 -20 C
48 h. 150 pl100 pgeL.”'  M-8:2 FTOH M-N-EtFOSA
1.3 -

30 m DB-WAX( 0.25 mm . 250 pm)
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1 pL 200 C 40 psi 1 min 9.4 psi He
1.1 mLemin "' CH, 230 C 210 °C. 160 C 1 min
5 °Cemin "' 75 C 20 Comin "' 220 C 4.75 min.
SCAN SIM-PCI
5 (1)
2 3
1.4
-20 C
( ) 2 (
) 2 ( ) 3 (
) 3 . 2 3
M-8:2 FTOH M-NEtFOSA
10 wgeL.™"  7:2 sFTOH
2
2.1 GCMS
GC-MS 4 4 N-MeFOSA.PFOSA.7:2sFTOH.M-8:2 FTOH.
M-N-EtFOSA 5 ( 1.3) ;
(). 2.
3500 ;
f 7:2sFTOH
3000 F
E2SFIPH
2500 E M-8:2FTOH
-
#2000 8:2FTOH
E M-N-EtFOSA |N-EtFOSA
1500 =
E N-MeFOSA
1000 [
F N-MeFOSE N-EtFOSE
00 FOSE
T N T T T W T B IIII|IIII|IIII|||II|AIIIJJIIIJ|JIII|
6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00
fspfE] /min
1 30 pgeL™!
Fig.1 Total ion chromatogram of a sediment sample spiked with 30 pg*L ™" mixed standard solution
2
Table 2 Mass spectrometry parameters of the target compounds
/min " /min
6:2 FTOH 5.62 365.327.393 N-EtFOSE 10. 82 572.554.540
8:2 FTOH 6.48 465.427.493 PFOSA 13.09 500
N-MeFOSA 9.99 514 7:2 sFTOH 5.72 415.377
N-EFOSA 9.67 528 M-8:2 FTOH 6.46 469 .497
N-MeFOSE 10.78 558.540 M-N-EtFOSA 9.66 533
3
N N ( RSD) . 0.1—

90 pgeL™! 310



1796 30

10.30.50.70.90 pg-L~"

10 pgeL.™! 9 RSD. 3. 4.
(S/N =3) 0.20—2.20 pg-L™'; ( S/N =10) 0.72—7.44 pgeL"'
M-N-EtFOSA  PFOSA 12 ( 0.2—8.2 pgeul™';
0.4—16. 4 pgeul™") . 400 mL © 0.25—2.75 ng*g”!
0.9—9.3ngeg s 1g ©0.10—1.10 ng*g™" 0.36—3.72 ngeg”'
FOSAs > FTOHs > FOSEs 4 . r’ 0.991—0.997
10 pgeL™! 3.14%—11. 4% 12 1 pgeplL™

2.2%—22.5% 40 pgepl™' 1.7%—6.8%

3 N
Table 3 Limits of detection and quantification and calibration curve
/(pgeL™") 2
(S/N=3 S/N=10) /(ngsL"") /(ng+g™")
6:2 FTOH 0.65 2.50 0.81 3.13 0.33 1.25 y=0.127x -0.460; r* =0.997
8:2 FTOH 0.34 2.02 0.43 2.53 0.17 1.01 y=0.045x -0.135; r* =0.992
N-MeFOSA 0.38 1.32 0.48 1.65 0.19 0.66 y=0.017x -0.064; r* =0.993
N-EtFOSA 0.24 0.87 0.30 1.09 0.12 0.43 y=0.026x —0.098; * =0.991
N-MeFOSE 1.42 5.00 1.78 6.25 0.71 2.50 y=0.003x —0.007; r* =0.992
N-EtFOSE 1.02 3.33 1.28 4.16 0.51 1.67 y=0.004x -0.010; r» =0.993
PFOSA 2.20 7.44 2.75 9.30 1.1 3.72 y=0.005x —0.008; r» =0.991
M-8:2 FTOH 0.42 1.33 0.53 1.66 0.21 0.67 y=0.048x -0.196; r* =0.994
M-N-EtFOSA 0.20 0.72 0.25 0.90 0.10 0.36 y=0.028x -0.126; r* =0.994
4
Table 4 Accuracy and relative standard deviation
10 pgL~' /(pgL™")
1 2 3 4 5 6 7 8 9 /(pgeL™") 1%
6:2 FTOH 10.74 10.68 10.64 12.39 10.67 11.56 11.40 11.13 11.46 11.19 0.58 5.18
M-8:2 FTOH 10.98  10.43 11.05 12.28 11.92 11.76 11.41 11.33 11.34 11.39 0.55 4.83
8:2 FTOH 10.55 10.49 10.73 11.10 10.42 11.30 10.57 10.09 10.83 10. 68 0.37 3.46
M-N-EtFOSA 11.66 11.48 11.46 12.70 12.42 12.29 12.15 11.90 12.64 12.08 0.48 3.97
N-EtFOSA 11.48 11.09 11.19 12.06 11.59 12.08 11.62 11.44 12.26 11.64 0.41 3.52
N-MeFOSA 11.51 11.38 11.18 11.95 12.00 12.08 11.97 11.68 12.30 11.78 0.37 3.14
N-MeFOSE 11.14 10.11 10.05 11.78 8.29 12.61 10.51 10.44  10.46 10. 60 1.21 11.41
N-EtFOSE 11.21 11.15 10.22  12.85 11.82 12.52  11.26 11.63 11.96 11.63 0.79 6.79
PFOSA 10.41 9.85 10.69 12.24 11.04 10.75 10.86 9.57 10.97 10.71 0.77 7.09
2.2 N
¢ -G,
R =———"x100%
C,
R (%): C, (ng'L™): G, (mgeL™): C,
(pgl™).
5.
3.29 ngeg™' 8:2 FTOH
71.4% —124. 1% . 69.9% —135.8%
64.3%—98.4% . Martin 4:2—10:2 “N-MeFOSE . N-EtFOSE . NetFOSA

PUFXAD=2-PUF 87% —136% ‘.
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Dreyer 4:2—10:2 FTOH 6:2.8:2.10:2 N- ( N-MeFBSA)
N- ( N-MeFBSE) N- N-Me, FOSA N-MeFOSA N-EtFOSA
N-MeFOSE N-EtFOSE PFOSA 7 PUFXAD=2-PUF

25%—100% . PFOSA 25% —50% T, M-8:2 FTOH
M-N-EtFOSA (87.0% 106.8%) 8:2 FTOH  N-EtFOSA (69.9% 135.8%)

4 (< 5%).
5
Table 5 Recovery of the target compounds in sediment and water
(n=3 ngeg™') (n=2 pgL7') (n=3 pgg™") (n=3 pgL™)
6:2 FTOH N.D 25.63 22.16 25.30
8:2 FTOH 3.29 28.11 24.99 24.87
N-MeFOSA N.D 35.65 41.15 26.76
N-EtFOSA N.D 41.39 45.27 27.32
N-MeFOSE N.D 24.85 31.05 19.19
N-EtFOSE N.D 30.41 40.76 25.96
PFOSA N.D 29.16 41.97 21.99
M-8:2 FTOH N.D 26.52 24. 14 27.30
M-N-E{FOSA N.D 36.51 36.25 27.39
30 pgeL™!
(pgLl™h) 1% 1% 1%
6:2 FTOH 28.93 88.6+2.0 76.6 +4.1 87.5+1.7
8:2 FTOH 31.04 90.6 +4.4 69.9 +6.4 80.1+2.5
N-MeFOSA 33.08 107.8 1.5 124.4 0.7 80.9+4.9
N-EtFOSA 33.34 124.1£0.6 135.8 2.1 81.9+3.4
N-MeFOSE 34.80 T.4+1.2 89.2+6.2 64.3+9.6
N-EFOSE 32.09 94.8 +1.7 127.0 £10. 1 80.9 3.0
PFOSA 33.55 86.9+0.4 125.1£9.9 65.6+9.9
M-8:2 FTOH 27.75 95.6+1.1 87.0+6.8 98.4 +4.8
M-N-EFOSA 33.95 107.5 £11.0 106.8 5.1 80.7 2.3
S 1.N.D ;2.
2.3
( ) 6:2 FTOH
(6.4+0.5) ng*L™" (n=2)
3
GC/PCI-MS
0.991—0.997 ; 10 pgeL™' 3.14% —11.4%
69.9%—135.8% 64.3%—98.4%
400 mL 10.25—2.75 ng*L™" 0.9—9.3 ng*L"; 1 g 0 0.10—
1.10 ng*g™" 0.36—3.72 ng*g™". .
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A METHOD FOR THE ANALYSIS OF VOLATILE POLYFLUORINATED
ALKYL SUBSTANCES IN WATER AND SEDIMENT BY GC-MS

LUO Jianbo LU Yuan LI Fasong SUN Hongwen
( MOE Key Laboratory of Pollution Processes and Environmental Criteria College of Environmental Science and Engineering

Nankai University Tianjin 300071 China)

ABSTRACT

The present paper described a method to measure seven volatile polyfluorinated alkyl substances by
GC-MS. The target compounds included 6:2 and 8:2 fluorotelomer alcohols ( FTOH)  perfluorod -
octanesulfonamide N-methyl and N-ethyl perfluoro—1 -octanesulfonamide and N-methyl and N-ethyl perfluoro—
1-octanesulfonamide ethanol. These chemicals were separated by gas chromatography and detected by positive
chemical ionization mass spectrometry ( GC/PCI-MS). 7:2 secondary fluorotelomer alcohol was used as
internal standard to calibrate the injection volume and instrument response variance. The chemicals were well
separated by the column under the optimized conditions. The detection limits of the instrumental method
( defined as S/N =3) ranged from 0.20 to 2. 20 pg*L™' and the limits of quantification ( defined as
S/N =10) ranged from 0.72 to 7.44 pg*L~". The linear correlation coefficients of calibration curves were
between 0. 991—0. 997. The relative standard deviations of 10 pg* L~ standard mixture were between
3.14%—11.4% . Water and sediment samples were extracted with ethyl acetate and purified by Envi-
Carbon. Mass labeled 8:2 fluorotelomer alcohol and N-ethyl-d;—perfluoro -ectane— sulfonamide were spiked
into sediment and water as surrogate standards to calibrate the recovery. The result showed that the recovery of
the target compounds in sediment and water ranged 69. 9% —135. 8% and 64. 3% —98. 4% respectively.
The method detection limit and quantification limit were 0. 25—2.75 ng*L™" and 0. 9—9. 3 ngL™" for
400 mL water and 0.10—1.10 ngeg ™' and 0.36—3.72 ng*g ™' for 1 g sediment respectively.

Keywords: polyfluorinated alkyl compounds GC-MS analysis method pretreatment method.



