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Abstract

Per- and pori- fluorinated compounds (PFCs) have emerged as an important class of global
environmental contaminants. To understand the fate of PFCs, methods to determine ultratrace levels
of these compounds are needed. The method of solid-phase extraction with weak anion exchange
cartridges is robust and applicable for trace analysis of a range of PFCs. The detection limit of
analytical method is in the range of several tens to hundreds of parts-per-quadrillion (pg/L) in water.
Concentrations and distribution of PFCs were determined for samples of biological tissues, surface
and open seawater samples. Baseél on the concentrations of perfluooctane sulfonate in water and in
fish livers, bioconcentration factors were calculated to range from 274 to 41,600. Perfluorooctanoic
acid was a predominant contaminant and was present at concentration levels ranging from several
thousands of pg/L in water samples which were collected from coastal areas in Japan to a few tens of
pg/L in water samples of the central Pacific Ocean. Presence of PFCs in deep-sea water shows the
need for a comprehensive survey of not only surface water but also the vertical profiles of PFCs in
the water column, as well as the open ocean air. The deep seas play a major role as a sink for several

POPs; accdrdingly, their role in the global dynamics of PFCs is worthy of investigation.
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P TIE. FHRRBEEEISRYE (POPs: persistent organic pollutants) & L TZRH] S
NEDIzN—BELUCRY 7))V 0{tE&Y) (PFCs: per- and pori fluorinated compounds) DS
PREHONETAZIEZEMNE L,

PFCs 1&. THEE - TSESM - TiHRME - BRE IOV —% - REFHE - BE - P -
HEFR R EOENZHEEE TS0, BARSBCTHEAINTER, LHMLaNs.,
B EREFED SBS BN ZBFTOTESYN S bEBEREINZEMNS., A
NS <. REBMEE2ETEELZSNTVS,

PFCs D3N TRIT/N =TIV F D ZA)VHR 8 (PFOS: perfluorooctane sulfonate, F(CF,)sSO5)
3 Z CHRFHERREBROESGHER & U TIHARNZEE 2BU0TW5, B{E PFOS B
YL OECD ORISR E U TEIE I N, 2005 FITRH AT 2 —F > OREIZE D POPs &
MPRE L THERSND L &ixofk. 3M A EREIT PFOS SIEM 5 ORGR 2R L7
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#%. PFOS LRIBICHEHABMEINTWVWAENRN— 7V F O H IR (PFCAs:
perfluorocarboxylates, F(CF,),CO0") IZIFEMNEE >, N—7)NF A7 ¥ % (PFOAs:
perfluorooctane acid, F(CF,);CO0) 125770 % L THSNB PTFERED 7 vERRY T
—DHEBITHEDND T ENE, PFCAs DHFTHo EHHSENTWVWS, PFOA X7 I A Dt
MI<hobbEn, 7 AU ABRERER (USEPA: U.S. Environmental Protection Agency)
I PFOA DRRRAEZITN, URAITRARA Y NBREINE,

PFCs IZRFE— 7 v BB OERESF ORMICEIE O FREIEE b D0 ALK
REWRERD. FERE-T v RORVIAREL LD, ¥ A5 onEHRERLE
By & Bl U TR OB R D, LMo T, Y14+ 08 OkicmiT#<
RIS DR 12 EDHERD POPs LIZEMIEMEA H =X L - REBRNEEINRIL S S HEHX
. HERD POPs DETIVEZEZDEE PFCs ICHA T2 Z LR TERWN, & 5ITKRFOMmMAE
SFIMEZEMHS N, ERECEEO Rz 2 EEL SRS REET 5720, PFCs DBRE
BRRICIIE - RENLEEEEL - BHESS OB REEANEEL TVEEEX
5N%, DED PFCs IZBT 2H%iId. BEFEOMED X 31Z65/L&4 % PFOS % PFOA 1T
RERT. BFENICPFCs 2 REL . FNS5OBEHS LU BESHRICEHTAILENRH S,
fER D POPs L 13572 0 KIZAIVE2 PRCs DRBIBIRE, & < ICHAIREE 2B T 37201012
SESRDIBFEMRTERA D PFCs OARZKEZ S U FET TR, KB OEERE®REICDWN
T TRBEBENVETH S, '

EHETIE. FL—ALRNVOSHBFERBBERZDINTTIEEAEHRENZINT -
T30 2 KRR O PRCs 127 H L. PFCs IZ& 3 AR UHER OB LR PFCs OHEH
 EBEUEEREEHSNETEIEEENE L,

ABFFE T ppql NIV OPFCSH T EE BT 5720, PFCsD I ¥ I %— 3 VDR
Rzgh - ERILL T, TOVNIVEER Lz, PFCsDI > ¥ I 32— a3 > LRV OER
I, PTFESNA b2 RED T v BRIIERAZHRT 2 Z E0F2T. SR U RO
EL2RRUIFLRFAOCHEOBRERELEZ, 510, EERICE. A5y
DS DPFCsHIAHME E L THWEIATREENTVWSE Z &b o7, K5I, PFPeA (C5)
*PFBA (C4) 72 EDEIHDPFCAsIIZL < DFEESN S AMME & L T5%N 5 11% TR X
Niz. e, NEEENEE L THWSNBECT N JMEDPFOAD S b, KB DPFCsHR
MPEE LU TRHEENZ20, HEICATEENEZRVSEAITE. SHEEE 9%
BLE ECHEROTEERET HBRERB D ZEEHENE LT,

e, KRB LU EYER Ok RS DPFCAs, PFASs. FTOHs, FOSAs, FTCAs
BILUEREATREE 2D IREWPFCsIZ B TTRE /2 RS « B FE i R o v % T
THeD, MEI/OR NI ST - OFLEBAMFBEOCHFLVEBRHEEL S A

(Oasis®WAX) ZBW=HHEEEBRF Lz, OasisWAXBEFHHH D S5 A% FW=HIEA
EIE REROBIE TE 2N > REHOPFCs 250, 1FIFLTDPFCSIZ DWW T80%EL EDHE
WRZZER LUz, T, BIET S0 Epg/LATIZHA . ppql RIVOSFHEERET L
7o BBFTHZE L 72 0asis>WAXBEMHIH N 5 A2 HWEMHEAER. BESSEPTHS
ISODEBFEESITEDERE L THWSNE,

-470-



HAAFROTEETHZIIHNMHET,. INFETIEEAEREN RN AEITBIUT
% PFCs ORISR NERBRAEMIAT 5720, AF2E OB EEKS LURESRE.
Ehb FEEENICEE LR, EERBICBIT 5K, fEEDER X OIS © PFOS BEE
FNEI 8~59ng/L. 30~560 ng/mL. 2~450 ng/g-wet wt T. FIE D PFOS BEIZY 1
%3 > (PCDDs/DFs) & U 1 Fifb\ LB T, PCBs ICILHIT HMETRINE N, &
5 HA2EOABMKBEIL. BEM(345 ngmL)>HEB(172)> K RE(100)> 5 i
29)>HHBBY)>MHRQ@) TH o7z, MRICIVENRLLEND DD, AZFLET PFOS I
EBERVEES>TNB I E2DTHLNE LT,

H#A &KE & PFCs JBE % bht U /-8R, PFOS AUEITIRFEEIX. METRBE TS
2o EREK, b IREEC
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PFOS REIZT AU HICILHE B & et ~
RIETH S 2 ERFRE NI, ol w

E5i. URSERTS BT - o TR
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Figure Spatial distribution of PFOS in fish and surface water samples collected in Japan.
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&, BE., B, HE) 2FET7T7HEELI OHR-NRTIONEHE (BLIE
KHE) THEAHD PFCs MRMAHER I N, & (LSRN KHFEDHHROELE
ARBE NI, PFCs BB OO EDEEZ B5ND, 7hFAOR) v —8ETHB KU PFCs
DL—YTH5LEAETHEIKPD PFCs ZHIE Lz, WEOHAN S, SBEERMET
HBRREL D LEEED PFOA PR SN, /22D PRCs IHRNY — UIERT 27 Hik
LRBOERER LE, B7 D7 HIRICIE. EEET BRERTEBRO THEREFL
TBY,.ZOLES5REENSEY D7 i 5 BIEE D PFOA B s iz L #HEH = Nz,
Fr, HROBKBHARTIOT Uy 7 AN5IE. BIBED PFCs MRHEN, ZTORE®
HMRRIEBREICRES BT, ZOXDIZ, HEE 22 THIPEADCKKERE, 8
RGO PFCs MARIZZNENER D, SE O PFCs M. D& 572 PRCs HARRD
BEWAKRESRBENFEREEZOND, BE, EOHRBENRENETOFEGNHZH
BHLNERSTHEST. SHRFHEZHETZ LT, ZOXDBHEPHK - HR - B
Sl S AN RENLETH 5. |

PFCs OEFEHEMXRROREFELHONET B0, RAOPIFE T+ —IV RTH 5
HEERICERLAEBEET 2.

LT, PESRTEEE. FEL-BEEATEE. BAYEE. MO ERBEK 47 5T
NEBELEEER. PFCs HMEATEZREIIZETNTOMADNEERBEAN SRS H
7o —REGIC, Za—P—F 2 RUBOMAEFREEKHO PFCs BEL. PE-FEHA
FHEOEBIEKITLEAREL . Fzdb-PERATEED PFCs BEIIHE-BEEAEEL D EE0n
ErEdH 5N, FREOBERD, Scott B (2005) OKFEEBLVKREEEKFO Y 7))
& 1 EEER (TFA: trifluoroacetic acid: CFsCOOH) E=F U > JIZE DHEIN TN B, TR,
ELRTIILERE D BOLENBE NI & ABNARBEOTENNINT &, k.
REEIIREEICARKEOBEENE W -DEREORARCTFRENERD ., MWiE
ETOBEEZERERELEEEZILNS,

it‘xkﬁﬁ\$%kﬁﬁ‘*%@%tﬁ#‘ﬁtﬁ%‘@vfﬁwﬂ%%mﬁéu
i 101 B2 TN OBEBHEK 2L RE LR, PFCs OSRESHAIIRBRTRRID,
FERFEEEHEITBNWTIE PFCs ODMESMIIRBOSEBETIEIE—ET. ZOMHEMAIZ Scott 5

(2005) DALKFEEICBIT S TFRAEZF U D THRE—B L2 U —2 5> ROBEAI.
BEEANEENIEF TEENSERETIKBAELABREENEINS, EAEETIE.
EZRENSFEBKEFRNICBENMEL. TOEEAERERBRUTTH >, EREHEN
i DHFRIT LEANKIBE TH B EMENE. Scott B (2005) DEARMFICHBITS TFA =S Y >
TRERE—F Uiz, —. PEREEDFE-FEEAEETIE, PFCs IZREBK EEEKICH
BETREBEIN, BICPR-ERATEETIE. FEKTHEED PFCs MEEIEN/Z. KF
HETHEESEDHICBENEATZHEMD. Scott & (2005) OHEKFEEICBITS TFA £
&U?ﬁ%%&—ﬁbtci%ﬁ%éh@?miﬁﬁﬁ&ﬁﬁtgPKkﬁﬁm¢fﬁ%%
ELUTHET 3 SRETE. MFL L7 PRCs 11, ZOEHICE > THIEE TILEEER
PEETHBEHLZER, BEKTOREERSEZ o LHHIINS, RTFLRENS
4000 m DEBE TOKPEILET 2 DI SOENND . 1950 ERNSEBLE - HHEHN
2 PFCs R FIC K VBB E TIEMET 2 Z SIIBETH 5. K TD PFCs DEEHED
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ENTIE, BTRYE SR FROSBS EORENSROBETSH S,

PlE, ZHFETIEAPFCs DA ¥ I 32— a3 >OREZHEMICHEEL. FOL IV ZIER
5 I EITRI LTz, AKEBAEEHT 3 W THBIA W PECs 1A RI8E7R ppq LIV D434 1
EHRL. S0k 2 EBREEDER LD AHEEMI LI, /-, BAICHITS PECs 5
RRMEASNETHE DI, FHATHEE L AEREHLTO BCF H (HRBTY
5,500) WEBRRTHEIN TS BCFGA00)EIFFE—HTHIE2IIUDTHREL., £13
BEREHCBWTZOREEOB Z 2U0TEEL L, 51T, HFAHBETO PFCs DIFERE
ROERBEZVDOTHEL. IRTORBEIHKITOEERE. EEESXOFED—D
ELUT, PFCs OREEBMAHDOBHEOREOEEEEZHS ML,

FAERNBERROER

Btk 7y REE. BKEHERNRSOREICEER S~ T4 ket (PFC) PREICHHE A,
BERERNDEEMEZE N TV, FRAXIET NS PFC OBEHEHOMBELEME LT, OEME
DILEMDOBRE CREELSMEOMNRE. OEADRBEEKOHET— %, OHRORE, st
IR DRE 7 — & DUNE L BN 21T 5 feo BRIORBMA LM E TIKAV RS, BE. BESIc k30
YEIR—avERMEL, BEADSRERE D &SRk PFOS SEMMT B HHEEMRE L. ppt LU
DPFC ERFERTERHIEEMRE LI, COMIEREEL T, THIKD BARREN TaEZRRL,
PFC DB 7 — # RIS Uiz, Mi/KriTilEE b A OMSEE 2 Ll U C ISR R R, ZTOEMFA 4%
SUNELASTH BT L, Eie, PRCEDMESFILLEAL 7 v BRISEEY S OHHAZ N L ER
Wiz, HFREHD DEDIHIKEROSHICE > T, PFCEDBESHIIBIC L D BRZC LERT L
L &IT, PFCHOBE) - HEIH)|| - S EEAGEERT T L ZPE LM Uik,

RCEHER. ChbOWEREZEANOEETRET S L bic, At LTEBHCERL. 95
B ISOBUHICID ANBAT VS, UEDT L5, FRIEEAICHETBEDLFEE N B,
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