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Advances in detection technology for PFOS and its related persistent contamination
CHEN Hong-mei'*, ZHAO Mei'"*
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Hangzhou 311215, China; 2.Zhejiang Transfar Co., Ltd., Hangzhou 311215, China)

Abstract: Perfluorooctane sulfonate (PFOS) and its related perfluorine compounds that possess the persistent organic
pollutants having highly bioaccumulation and a variety of toxicity are the most difficult to be degraded so far.The contamination
caused by them has gradually been a global enviromental problem. Scientists in many countries have put much more efforts on
the research of PFOS and the related compounds and further many bans are promulgated by the European Union and other
international organizations.It is of great importance to develop an effective method for trace level analysis. The sample pre-
treatment methods and detection technology are discussed,and the recent advances and present problems in the study of PFOS
are reviewed , with the developing trend in research of PFOS and the related compounds explored.

Key words: PFOS; PFCs; detection; pretreatment; chromatography

2 be B I B 1L & W (PFOS) K AH SRk 2
ME-REENEFTEmEEN, B FRORFKRS
MR EERE, ) AT EE B RAGE T
AT AR, AT AR BRBIEA RIS
A & BHS (0OECD) 2002 4E 45 ) fa & F
M, &R S B 1k & 1) (PFOS) R — K HT B i
WEFREAMEE Y B TREA B R 7, H745
W-FEAAREE,FARARRAFEERKWN
i — X ER LRGP E A RNk
YR EEMAY BN, BY A2 B MM IR 1L
0 B A PR R RN R SR A s W AR I
RXEREfR, APV RE S5 m A B F)E
B, BREEENYRERE T REGHREEMEEA
e, XTERBE BB A K. S PP R & B,
PFOS R EHARALE M ZHFE TR KK EY
A P I 3 (I3 I 9 S ) DA S FF R P, 5 2 A

Y 75 B #8 : 2008 - 04 - 03

XA B TiZEY . ETWM 2001 g, 7 &
o 43 3 %o FL AT T VPG DA B S [R) 72 BE 1Y FR 1 A
WIE

FL7E 2001 45, PFOS B £ % 51 A 3£ E H 5 7
2 (USEPA) Fe A P15 Je i BB 4% 5 B 5 (R 56 R BUAT
R MGEEB BRE KGR AAFANESR
VLIS S 2 ) dF PFOS B3] H #2003 4F
KEEAFERYE RS 05K EAE 2004 5 &
FEREEFOR T A 38 & A 49 PROS S o b 26 Ay {4 1
fh R ML 2 X PFOS 9 XU T2

2006 4E 10 A 25 H , B 8 i o 38037 R 4 76 %
i A2 J S H PFOS A B A 5% # Ak 2% i 19 1 A & 4
B RBHE LA PFOS 14 B4 R SR B R A R B
FREABETHRMET 0.005%HYF. FEHES
A PFOS ¥R & 73 3055 T B 0.1 % #Y Bl
KR B F A 154 R VS B A E R PFOS

EEBA HaMm9 -, L&, TR, TENHFGL %L 2R NP5 L AR #E4L T4E, chenhongmei97 @ 126 . com,



2008 FE 8 B

PRLLISE . PFOS R AMBIIS R MOV B R G B RE © 21 -

BT =, LS R TR BRI o R TR
JE T, B 40 78 T VB Y 25 4 B TR R B KR, R
YRS FNE I WRRH S T i R A o (B BR MR X BT
i FELEATMU R FHE EMERA
FRifil. 2006 4F 12 A 12 HIES HRBA KB H KA
H oA UE, 2006 4E 12 A 27 B 154 E XA fi I [ Bt
AR WA, EE MEREEF WX B E S5
TR S A 1 A 1E 2 ) o T e U Y 1

2006 £ 11 H 6 H , B & E ¥ 5 #L X & (UNEP)
REBEIELAYFEZRSE _RESWNE LSBT
¥ PFOS F AT TR BF/REE AN R IR R, REINRN:
EEMFEATHBBERS WK ST ERBER YA
FELRRKBA T 52 mERA XY
FE 3M A FFE 2000 £ 5 A B E AR A B M 2001 4
FHZ 2 1 Ik PFOS 15 PFOS A X B ¥ i (10 PFOA
EVHEFE, 2007 1 A 25 B, EXEREMAIE
ST, B ¥ (DuPont) A RN K 8 KEHE
oA (BIEFEE M) PR (Arkema) JEAE T (Asahi
Glass) . 1% B2 ¥E 4k (Ciba) . #} 3¢ B (Clariant) . K &
(Daikin) . #B . 3M/Dyneon F1 7 B, (Solvay Solexis) 2y
A5 EPA 21T T PFOA W HE P i (PFOA Stewardship
Program) , [A] & 43 B B¢ 45 1L 8 F PFOA, 3 F 2015 4¢
RUZEFTA 7= i P 225 PFOA., X EFEE TR
3 XF 3 il T B B )7 B R BRI 24 1 . ARIE X
HE I, & KA FDK &RBFE 2010 4 Z 01, 7
2000 4F {9 ZE Rl _E > 95% B9 PFOA A4 = HE &, A
A B O] 95 % H9TH 2% 7= il AN BE & A BEUR 4=t PFOA
L& Y. B 2015 47, BT A 7= & R ORE 2% R £
PFOA FIBEVRA: i PFOA MILA Yo

1 PFOS B8 R

T PFOS FeHAH & AL i B9 B HE X AR LA
BAF R ASEE, U K& AL & & Tk
ANZE A X L HEAT BR il A= 7= A S, PROS B9 A6 T 2 AR
AR Z B EM. BT PFOS BB /K B i, 3
TEEYIEN B2 AR T2 HBRE FIALE .
TN EFEMFFAEAIIG LY. PFOS A Y %
BUE—BATER AR h = ERE, A K450
KEASGEHFET IS, KR —5 45N ERED
YR FEA SRR AL T, BT e SR
A5, 73 PFOS B9 75 4 [n] AR & B 18] % A 3% 3 43 #7
BRI ER. BARRRE 20 2 60 F£RAF A K
BB A RO 5 1 ZE B A R I 75 4 &, 9 B NMR
BT RN B T M A A AL B, TR 4k

FREERZE W, By I E R BRI RE RN
K kR HE 4, 2001 4F Hansen 25 1) FH 185 20 Wk AH €
T — FLIBE 5% R B B B vE R T AL I T PFOS, ik TR
B PFOS Ay A6 T X &, %F A9 BF 55 A 1 ok R 3% )
HM.
1.1 FlERHETLERAR

KNG R R 5 SRR T 2 A HE: — 12
BT EES REUE, i — 2R bR
. HREIXTF PROS K AH R AL 2 i i A I 2 R 32 %2
KM X RS P PFOS AL EE SRR,
TR R RS . EENRERTLEBEAR
A BEHEEBC(SPE) W - W& % B (LLE) L W - [ %8 B
(RAFRE) 0008 ZE B8 75 R LA B A7 AR A
AREEU-T1 S AA Y B AL B8 B AR 2 R T A
GREHVTENEES R, HEH TERERER
AR EWENAFE, RN EER B EZFHE
o BT PFOS K4 FAL & Y715 B 78 43 1Y 28 BUR
BE, - MEEZMFIy kR #H17, A
BCRAFER EAMEER BBRERSE,HETHNE
MERF R, RIF\FEHOE LB, EYEETL
5, ANER L A B R AR EEEMEMEE
P45 B0 R B, 15 BB AP R R 0 45 2R
1.2 PFOS Ky #& il R

BT PFOS M HAHRAL &Y MRk 4514, B AT
FA TR 0 45 2B i R B9 PROS B Hi AR AL & 9 0K
M ARG, RN AN EEERE SRR
AH €135 - LI 55 B K B 3 2k (HLPC -ESI-MS/MS) . /&
RO €53 /D0 AT /AT B[R] &8 3 R 3 ¥ (HPLC/
Q-TQF) - f= B0 W AH €8, 315 - Jit 115 Bk A (HLPC - ESI/AP-
PI/ B T BE-MS) 5 20V A €335 /0% B 7 R S5 3% Bk
X (HPLC-APPI-MS) '8 | S BBt A (GC-MS) 4,
1.2.1 &k E#- 8k F— 3R % (HLPC-
ESR-MS/MS)

B R O T v R SCHR HiRGE B R R Sz B — ok
W PFOS K AH R AL & W 1Y 3 J5 v, B A] DL g & it
6 I 358 e J 100 A gy e 0130150 fp e 0T R 25 40
MY R AR . RS R MS/
MS BEAR AR LL B MS T4 A0 454 15 8. 5 A A A
RE, FRTHD, BEEMAEE & fBH I E 2
AT R, B R EENA EYRRE ST
o B 3 A PR e — M RIS I ) o VR B AE L
ng/mL i PFOS!- 10~ 11190 4y B p 4 53 4ib 141 3 78 rp D
AEERE ST, W EAE GER) ZEBC 7S 55O
AyESAE TN TT LA I 3] ng/L R ARE S A B3, Zhao



- 22 - A, A

EREEH

U7 B VR e B (] A 2K BURE X B8 K R B PRCs 2
T2 BUE %, 1% ¥ 1 18 HFBA . PFHeA . PFOA , PFOS .,
PFNA & PFDeA Y% | BR 43 54 0.10.0.28.0.07.
0.20.0.10.0.05 ng/L, [E1 315 Bl A4 A XF 75 1 4 2= X
H2%~8%., HEZKMEAREZHEEHHNFR,
LR (R Ui s A 2 43 W] DA o s SR B T AL,
AT 5% o 0 VR AR A T AN B B, R R T R R
1.2.2 HRAEE w9 AT AT R P BT
#% (HLPC/Q-TQF)

PO AT - 647 B ] (Q-TQF) & Bk i ik B A 1R &
4 43 P 28 0 1R o R M B, TR SR R e o AR R T
Puk /B e/, 1 AR A T B AR 2 43 e R E AT
7 8 358 E R BT E , AT RS Bl B A A
BT 40 1 B AR BE 45 R 9 B, B T B AR B
HEamUk&EEkEhtbh2BILEWHE LT
HB-01 g8 40 f] SPE A B R AL 3 T 9% HE 95
TeRE R RS PFOS LA & PFOA, 3 HLPC/Q-TQF %
ARXFEBEAT TR, 2 8 FORAH 4 B, AR AT - % AT
it 1] R B A U PFOS m/z 499—80,PFOA m/z 369—
169, 77 ¥ B4 i fR: PFOS 1.0 ng/mL; PFOA 2.0
ng/mL, J5 ¥ B £ ¥ 75 il : PFOS 6 ~ 150 ng/mL; PFOA
10 ~ 180 ng/mL, J7 & Y [B] L Z . PFOS 87 % ~ 105%,
PFOA 81% ~ 90% . Martin 25204 Fij % 77 ¥ % 4L #%
BANEYEPL2BAGYHT T oNR. HEZ
FE BRI IR R AR B IZ N H RN A, X
£ N Q-TQF Yy R M B, RAEVEE /N, A F T
o W A B A
1.2.3 &R E %% B A (HLPC-MS)

BB ERA B W R, v ARYE AR A I
5006 5 R [F) B9 4 0 88 : ESIL APCI. & F B . APPI
%o X T PFOS KLeRmAEY, MR T EHEL ARG
X BB B S T35, BB T, &
AR ARBETZHT B, X2 HE R B R HLPC-MS
BARREER ERHEFMEE,ME PFOS F2#
REFAABRBERNARMEH, FRLHRES
FHEETH. BHmHZEEAREST PFOS K2R G
PRI Y S4B AE FARE M UL B F AR FREH—F
P4t o Tseng %191 HLPC-MS ¥ (B T k4G 1 2% ) Il
FEIKH LA KA Y H S H 9 PFOS. PFOA LA J% o AH %
e EE REF TSI R TR
e HEIARR 1S B R AT AR I 45 2R, TEK B
i) PFOS KAL& Y By K L B 4 67 ~ 400 ng/L, T H.
PFOARYI A Z A B A BRI R 8E,

Young 2%} 7k A% LA K 3 ¥ 2% B (4 BT ) # B9 PFOS
FAH AL G Wy AT B AHZE B, R i 04T T ke,
K H BT E PROS 28 %) 5 % 6 I 349 45 ) R 47 9 31 i
R (B2 X e S AH SR B A I 45 SRR i B AR
Coolh FH & FERR B ENE 50% A4, HIRE]
RRSZERYREEMARPHRETHER, EF
B — BT, KA 2 1 [ A A B R A
JKFEH Y PFOS 26165 ¥, A% J7 ¥ (HPLC - ESI -
MS) Xt H#1 3% 7K H B9 PFOS LA}z PFOA 2R ¥ b 4T T 4
I, PFOA 7E 7K # i Y & PE TS 2 40 ~ 500 ng/L, 4%
PEAH & R $X 0.9986, PFOS 7E 7K B o B £ M YE L A
5~500 ng/L,ZR MM K R %0 0.9905, ¥ 25
F IR K 4 R F b BB RR 80 OF X |l 3R 4 B ok
83.91% 1 86.63% . /KFEH 2 FF R M2 RF i
TR B9AS PR ¥4 0.5 ng/L., PFOS.PFDS.PFOA )
FRAE B 118 499 599 413, Takino 252V iR5E T
SR FH R OB £, 15 - 't B R BT S K A R (HPLC -
APPI-MS) £ il {] 7K H f PFOS, HPLC — APPI -MS 4E
H—FpF R AR, A FERERERBEN
1 3 6B IR R A I 4 43 B o T TR R 7R A
BOMGRER, AR BEEEARERN, BB
TR R Z 506 L 7= A4 A B A5 5, X 55 e i 42
BAEEE, TRIESRELEY H bRk
55, W Y R A TR AR OGRS TR IR A H s
FETHERBES, Bl THESEES, ZER T
/N AR — TR A R A FE AR o E X B 5 ¥k B
FTER BRSO B THREN B, FTE
FIRARBIG o = R0OBAH €835 - B 1% B¢ R 2 AR A6
K H i PFOS 2 AH % ) B R A 22 B B 47 A9 45 51 Fn
W RN FE R, nAEYHLAE, W &K
TRAORE R BE A B R, W TR F B E AEEER
H—BHR . B2, ZHERNENGE RERE LA
PAR R ) R M R B DR — R E S 3 — 25
R T o

1.2.4 & ABR#EKA-448 &% (GC-MS.GC)

— e 2 F LA WEE R o UR P R T
&, fn CF;(CF,),SO,N(R) (R),(R,R A& H),XE
B W TE & B A RS 55 R RS R ORI VRORE 43 4, Ot
BHAT A GC-MS, A GC-MS BB TR — k2 H
HPEH SRR -2, EymEiaR
BTN, 7T R BB 718 2 e
B45 5 o Martin ZPUIRE T R A GC-CI-MS J7 3%
KBS AT fhefiay ., 4R BN ETER
HEEWEREE . Tittlemier 213 52 1F C 452/ 75 B



2008 FE 8 B

PRLLISE . PFOS R AMBIIS R MOV B R G B RE £ 23 -

VN ZEBURE 5 B PFCs, B GC-MS X & 2K £
L&Y AT R, 48 3042 5 B9 [E i R . Martin 2502
Wik B T RA GC-MS KW PFOS B b ¥k, HE
21605 g F B Bk = SRk % ( BSTFA) X PFOA #E1T
Fete ,RJE A GC AT & BAMGEH . T 1m0
R FAPOGEE R RE B, 2R BRI Y, A
= EF RN 2 BB R TR AN A, AR
HH 3512 (GC/ECD, M 72 3R M I &% ) #1700 =2 , A
SRR E R BN T SR P 3 Rl A R o B T R
B YRR 7 ¥ o I W I BRI PR L R R T
B ] i 2 43 ) O - 4 RE R 6.51.13.0 ~ 208.3
pg/kg F 77.35% ~ 111.60% ; N - Z. 3 4 5 F R ik
1.28.1.6 ~ 80.0 pg/kg i 83.02% ~ 113.88% ; 4= 4,
S0 BE A 0.25.1.2 ~ 98.5 pg/kg Ml 89.02% ~
104.67%. T PFOS B G 2 HEREM, X F
PFOS FY S 43 B 10 25 2 38 3 477 A2 19 7 325 8 PFOS i
i PFOS 9 HF £ 8 A B A AT R I, 3 (6 75 1)
b FE S R BE, W BATAE A R AEE YR,
DR T S AR 7 B PFOS 78— E 2 EZ R IR o
1.2.5 Htsdals R

4, PFOS LA B A8 %Ak & 9 i s U 32 R 38 A LA
T LRl 980 €5 3% - 5 6K U 2% (LC-FLD) 70 Wi AH
3, S 4G I 2% (LC-CD) YR AR 8 3% - — W B K5 51
9 2% (LC-DAD) %) 3 T HEBH €63 (IEC) 30T 4%
BETAEEC)DPI%, xEFEETHFANR
PR, BRTARAS B Z A BRI E —TUE R B
FER R A

2 HEFEERIEE

HT&MFTEREAE B RS, BET b IERE
BA YIS AT 47 AR SRR I R W] AR A T —
E A PFOS K AHCAL & W0 Ak I, 1% A A 2R 1Y
PREAR A, BB T A R B T 43 AT I3 PFOS S8 AH R
R ETER &2 R, BT AR AR 2N
FZ o, XWRNZBFAETT R WERA TR RA
MR YE Fn R

244 iy BEL A5 00 5 R R R 19 R K B2 PFOS
KYEREY R B, BT ZBYRMEE L, 4
WE R, BFERRXHREN WK, FEDHE
BB R AR A — RS, BRI L0A
" FRIEBHE PFOS KW R MIbRE &, B, KR & 7
B —METE 80% ~ 98% , 1 FH 1% b #E &b #E 47 A6 U B+,
2345 PFOS 28 W) i B /8 B4 I 4 >k JR X, BP0 7 1
TR DA 23843 T B BR 04, {HLJ2 4 2R A v ) Y S

PR 550 5 v B S A 2 R B B b 22 G A,
SR 5 3R S I R 22, e 0 2 O BOR B A T
B, AT 45 RSB BRI ANH € B, B X 2 A
MR K RE AT —

HR, B F PFOS 289 i 1 W B 8 M, 7E L
BT AR BREERNAEMEN ZER:
PFOS 24 i 43 7R R 33 b W P 76 3% 38 3R 1!, BRI AT , 76
SEIR Y A AP R e e B AR L, Rl AR
BIERW, BT PFOS | EHFET K AEVWHE R
WU ZIm i m E S A FEE R B, 525 #2 o
FEEARS AF MR PFOS KW R, LA % Xt 43 17 45
REER,

PP M 45 R DL R & MR IR ZEN
Y45 R E B W, TGI8 B R4 AT B AR —
MR 22,0 T R B S iR 22 A 3 K, B R 3 B R AT
TR P T AL B, 38 o B B v 4k 5 25 TR A 3 5 o R W
REML R BR T, R R AR icE R - R G &
AT BREE 1R T30 19 7 2, (B2 AT BB & RN 9 R O 77
FE T R BT B, W7 LAE S BRI b A R
AR 3 b 4 o] R 0 RE T R Y IR A

3 RE

PFOS B AR AWM FF AT M EE £ H
ta 3 B2t A AR, B & BR B X PFOS 28 4 i 4%
AR, R E ST EEE RAkK. R
HIE R TIEH X PFOS KW R BT T W4
BE5E (B2 AEXT BB & RS AT F WG, fl 2
Kl AR ) &R ARSIk, RGE I PFOS 244
RACE W LA B AR = 5 0 TAEHE W E B
MPkIR . BFFE PFOS 21L& Wy 19 8 AR, BRUAR B %o
E AL X IR E & 17 R BB AR R 2, o R E
X} PFOS &4 i B 93 ) 1 22 [

SE

[ 1] OECD. Co-operation on existing chemicals : Hazard assessment of perflu-
orooctane sulfonate and its salts, environment directorate joint meeting of
the chemicals committe and the working party on chemicals, pesticides
and biothechnology [ R ]. Organisation for Economic Co-operation and
Development , Paris, 2002 - 11 - 21.

[2] Shoeib M, Harner T, Wilford B H, et al . Perfluorinated sulfonamides in
indoor and outdoor air and indoor dust: Occurrence, partitioning, and
human exposure[ J] . Environ Sci Technol,2005,39(17) :6599 — 6606.

[3] EU. Proposal for a Directive of the European Parliament and of the
Council relating to restrictions on the marketing and use of perfluorooc-
tane sulfonates(amendment of Council Directive 76/769/EEC) ,2006 —
10-125.



- 24 - A, A

EREEH

(4] Eo0,EIER, B 17, 45 BT R M E R [M] .2 B
6% Toll At ,2002:84 — 87.

[5] Hori H, Hayakawa E, Yamashita N, et al. High-performance liquid
chromatography with conductimetric detection of perfluorocarboxylic
acids and perfluorosulfonates[ J] . Chemosphere ,2004,57:273 — 282.

[6] Tseng C L, Liu L L, Chenc C M, et al. Analysis of perfluorooc-
tanesulfonate and related fluorochemicals in water and biological tissue
samples by liquid chromatography-ion trap mass spectrometry[ J] . Jour-
nal of Chromatography A,2006,1105:119 - 126.

—
~
—

Zhao Xiaoli, Li Jidong, Shi Yali, et al . Determination of perfluorinated

compounds in wastewater and river water samples by mixed hemimi-

celle-based solid-phase extraction before liquid chromatography-electro-
spray tandem mass spectrometry detection[ J]. Journal of Chromatogra-

phy A,2007,1154:52 - 59.

[8] Hansen K J, Clemen L A, Ellefson M E, et al. Compound-specific
quantitative characterization of organic fluorochemicals in biological ma-
trices[ J] . Environ Seci Technol ,2001,35(4) :766 — 770.

[9] Kalrrman A, van Bavel B, Jalmberg U, et al . Development of a solid-

phase extraction-HPLC/single quadrupole MS method for quantification

of perfluoro-chemicals in whole blood[ J] . Anal Chem,2005,77:864 —

870.

[10] Schroder H F, Meesters R J W. Stability of fluorinated surfactants in ad-

[t}

vanced oxidation processes: A follow up of degradation products using
flow injection-mass spectrometry, liquid chromatography-mass spectrom-
etry and liquid chromatography-multiple stage mass spectrometry[J].
Journal of Chromatography A,2005,1082:110 - 119.

[11] 3k M5, 3k 7S, 3L, % SPE-HPLC/MS W& Fi Bk WU 2 K P 19
PFOA B PFOS ##it[J]. U )i 37 5%, 2006,25(4) : 10 - 12.

[12] Young M S, Van Tran K. OASIS® WAX [l AH 42 B % Bt 30 FI T 7K &
414 PFOS A XA 49 i) UPLC®/MS 5& 43 W7 [ 1] 3R i1k
2,2007,26(1) :119 - 121.

[13] Inoue K, Okada F,Tto R, et al. Determination of perfluorooctane sul-
fonate, perfluorooctanoate and perfluorooctane sulfonylamide in human
plasma by column-switching liquid chromatography-electrospray mass
spectrometry coupled with solid-phase extraction[J]. Journal of Chro-
matography B,2004,810:49 — 56.

[ 14] Titdemier S A, Pepper K, Edwards L, et al . Development and character-
ization of a solvent extraction-gas chromatographic/mass spectrometric
method for the analysis of perfluorooctanesulfonamide compounds in sol-
id matrices[ J] . Journal of Chromatography A ,2005,1066:189 — 195.

[15] Schroder H F. Determination of fluorinated surfactants and their metabo-
lites in sewage sludge samples by liquid chromatography with mass spec-
trometry and tandem mass spectrometry after pressurized liquid extrac-
tion and separation on fluorine-modified reversed-phase sorbents[J].
Journal of Chromatography A,2003,1020:131 - 151.

[16] 752, B EIWE, AT HLAR, . 2 M F M GC.GC/MS 4T BF 58
(3] A BRI, 2005(2) : 44 - 47

(17] T, R, FHE, G SHAENELRFERLEY
[J].En%,2007(13):37 - 39.

[18] Gonzélez S, Petrovic M, Barcelo D. Advanced liquid chromatographymass

spectrometry ( LC-MS) methods applied to wastewater removal and the

fate of surfactants in the environment[J]. Trends in Analytical Chem-

istry,2007,26(2) : 116 — 124.

EME, BRI EE S, % O 6 - BT/ R A

BRI R R R R Y B T]. @1, 2007,25(1) : 115 - 116.

(20] 3R, B2 W08, YLARNR . 755 28R AR /L A8 F°F /YA I 10 o 6 J5 %
SMTIE TS Je P I 2 MFE LR R 2 RFER ] IR AL,
2006,25(6) :674 - 677.

[21] Martin J W, Smithwick M M, Braune B M, et al . Identification of long-

[19

[t}

chain perfluorinated acids in biota from the canadian arctic[ J] . Environ
Sci Technol ,2004,38:373 - 380.

[22] Takino M, Daishima S, Nakahara T. Determination of perfluorooctane
sulfonate in river water by liquid chromatography/atmospheric pressure
photoionization mass spectrometry by automated on-line extraction using
turbulent flow chromatography [ J]. Rapid Commun Mass Spectrom,
2003,17:383 - 390.

[23] Kudo N, Bandai B, Kawashima Y. Determination of perfluorocarboxylic
acids by gas-liquid chromatography in rat tissues[ J]. Toxicol Lett,
1998,99:183 - 190.

[24

[}

Moody C A, Field J A. Determination of perfluorocarboxylates in ground-
water impacted by fire-fighting activity[ J] . Environ Sci Technol, 1999,
33:2800 - 2806.

[25] Kudo N, Bandai N, Kawashima Y. Determination of perfluorocarboxylic
acids by gas-liquid chromatography in rat tissues[ J]. Toxicol Lett,
2002,99(3) :183 - 190.

[26] Martin J W, Muir D C G,Moody C A, et al . Collection of airborne fluo-
rinated organics and analysis by gas chromatography/chemical ionization
mass spectrometry[ J]. Anal Chem,2002,74:584 — 590.

[27] Ohya T, Kudo N, Suzuki E, et al. Determination of perfluorinated
caboxylic acids in biological samples by high performance liquid chro-
matography[ J] . Journal of Chromatography,1998,720(1):1-7.

(28] BHWNIH, T B A, o B . v A0 R A 5 i 0 D B 2 SR Bk (7] W
JIFREE,2005,24(1) :38 - 39.

[29] Abe T,Baba H, Soloshonok I, et al . Novel way of separating polyfluoro-
carboxylic acids by ion-exclusion chromatography [ J]. Chromatogr A,
2000,884:93 — 103.

[30] Abe T,Baba H,Itoh E, et al. Separation of perfluoroalkylsulfinic acids
and perfluoroalkylsulfonic acids by ion-exclusion chromatography[J].J
Chromatogr A,2001,920:173 - 180.

[31] Miyake Y, Yamashita N, Rostkowski P, et al . Determination of trace lev-

els of total fluorine in water using combustion ion chromatography for

fluorine : A mass balance approach to determine individual perfluorinated
chemicals in water[ J] . Journal of Chromatography A ,2007,1143:98 —

104. 1

e e S

M EZ (IR L TYM i http: //www.xdhg.com.cn

Yoo one®




