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1t & 4 (PFASs) By 313575 L R 2 Ak AT B 23k %%, B, 3 401% K PFASsHy & (¢
— st # AIPFASsE X i A Wi ¥ N\ 47, £ 73 PFASs i 313575 4 Hwﬁ:f}]{ 18 ¥ A4 4. PFASsA1X
EAUZERRNERTFEIFHAOE, AELEREFLEEALSF

DB P R X e A . ¥ B2 B 7 PFASS

FRREEWNOLZ —, AN AKEATEULTARMKE FEEEN Y. X T5 ¥ FPFASsT R & B #

%, AKX G fE x4 5k e PFASsTT 4 th AF 5 B 4B AT

AT, DAHAE U PFASSTE 2 2R i R JE E 835 4 o =

A I, A PRASs B BR35 R I 1 A n 31558 B By ) 2 48 R 22 4R 7.

Kl

L F It FAL G W) (per- and poly-fluoroalkyl
substances, PFASs)J&— 2RI BBk & 28 1343k
2 AU B U U TR Ry N 5 A A
Bt AL R bR v . IRt . Bk
TV R R TG PR SRR, PRASsH) 2 W Tl
N1/ INS = IN  RE ) A S & R e B AR £ O
B 4 3k RS Y 2 2 RN T, AR 25 R AR,
PFASs i Ji 1 PR 58 175 5 R A 25 0 B XURG: ik H £ 56
TERY A ERTEM S M — B Hodh DA R R
(perfluorooctanoic acid, PFOA)., 4= % I fifh fiR
(perfluorooctane sulfonic acid, PFOS) A1t 3 ) 4=l Jot
fik (perfluoroalkyl acids, PFAAs) & IR Fhke: H AR
VG YR A g€ I PRASS™ . BUA )3 B2 KGR AT
TR, PEAASE AT E YT E AN BN IR fed
SR (e g dE T S o I )
85). Wi, ZEEZAERAL0 T PRAAsH 4™

BRIZBIRENE, KF, REBK REEK FiR

o P A8 S PO A e S 4 BR A 85K 1 (hteps:/iwww
federalregister.gov/documents/2013/10/22/2013-24651/
perfluoroalkyl-sulfonates-and-long-chain-perfluoroalkyl-
carboxylate-chemical-substances-final, http://www.oecd.

org/chemicalsafety/risk-management/synthesis-paper-on-
per-and-polyfluorinated-chemicals.htm). 20094, PFOS
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Te AR, TR 1 AR S5 O s X e SO i
FERBG TG Y m B 2 —) ZEPFASs A
TG 31 5% 4 DX 3 1) A b DX A% By ) o AR by 3 T 2 2
REMMHEY. FIL, 1B PFASsHE YR Z 2]
R B 22 ) DG T, HS el [ AP R 3 ) I VR R
Jtl 5341, PRASsI A ) BREE N K H v K i)t e
S T 7 11 TR 1 ) e i NP A ]
PFASIREE XK. (2) i ABFSE AL ET 9 PFAS s 28 1% Vit
W2, PHIME R AR MR SE 40, B e
HPFAAsTLFEPFCAS(Cy.14) FIPFSAS(Cugg.10), EFH
B 1 B i) 2 ) A R AR T B X LA PFOS,
PFOA J % 3 (1) K 1 5 PEAAS(C,= ) I 155, — 4k
Sk Tl B Sk I 4 4 ) 06 i 5 PFAASTE 1R, HL
C4, Co PFAASTEFREEAY i Hh % B /K- & 48 i PFOS
FIPFOA R A F 2255 e, M5 M 5E & 1Y
KM (3) TEHEE PR 1k S PRAAS I i /R 9 5t
(PFAA precursors) £ 45 % 18 bt JE fith Bt % 25 (per-
fluoroalkyl sulfonyl fluorides, PASFs) . % & & ¥
(fluorotelomers, FTs) . 4= % W fid 25 (perfluoroalkyl
phosphonic acids, PFPAs) . 4K R (perfluoroalkyl
phosphinic acids, PFPiAs) fl £ i 1 #% 2 B (poly-
fluoroalkyl phosphate esters, PAPs)55 114 5 5 | #L Al 57
H 0,

2k L TR, PFASSTE 2 BRA: ™ FNHE 2% (1) Pe K77 oK
R R A T IR B AL i ek, (A E H AR ER
B b H ORI PE KR R Tz AR HETRFSE N LR
PFASSTE 4= BRI 1 K A 19 40 A A A © T g 1 K s
5, (HIX SR IR A A — 2 B b IR FR P, e = XoTifg
ARG HPPRASs RGN, mRT B LLF )
(1) 16V "hPFASs TS5 YL 78 2 [ R 1] - 38 28 A7 fo] LA
PE? (2) BV TS Y X PFASs TS YA ] STk 2 (3)
M AEPFASs 2 BRAL f il B2 vh 4 i 1A+ 4 M2 BEXF
DLl AR SO0 AR R B BT BSR4 T T R AR
25, LAY 1) BH PFASS 7E 2 BK B b 09 43 A R AR,
PFASs I PR35 XU PPAS FHER 58 O ] 3R LR AR

1 PFASSTEAR ER R T B W3 M bby X 3 K B4 15
Hr k42 53 A R AE

1.1 PFASSTERPE PRI} 243 [ A8 FFAIE

111 35§ h % RAF
20074 Z Bij B9 W I E5Ps o, b R P T I RN

912

R VGV 7% 38 B 3 T 38 1) 3R 2 WK v DAL B I PFOA,
PFOSH &, WEE4M71010>~10°F110'~10 pg/L, 44K
T2 R (perfluorononanoic acid, PENA/Cy PFCA), 4>
O LA R (perfluorohexane sulfonic acid, PFHxS/Cg
PFS A)F14 91 2 He i i (perfluorooctane  sulfonamide,
FOSA)% HAPFASsIU /D Bk, R EEA F10°~10'
pe/LM 2 S — B YA X R KV P RS2 M K FF PFASs
O3 AE R AE RO 9T 8570, AN 20044F 78 4 FF Fi (Angola) P
TR R AL (12°25'S 12°37'E) & B T KW FE (U PFOA
(<100 pg/L)M. 2007~20114F, K PG ¥4 K HB 431 358,
FJ2 MK P PFOAM R A BT T R, HA535%5]10'~107
pg/L/KF; PROSHEE —H A E10'~10° pg/LKF-.
[ B} AG: 1 HL A Al 28 PFASs, A4 S5 55 PFASs(2 9 T
FLHR 2 (perfluorobutanoic acid, PFBA/C4 PFCA) ., 4%
TR IR R (perfluoropentanoic acid, PFPeA/Cs PFCA), 4=
i C F R R (perfluorohexanoic acid, PFHxA/Cq
PFCA). 4 BRI (perfluoroheptanoic acid,
PFHpA/C; PFCA)., 49 T 342 (perfluorobutane
sulfonic acid, PFBS/C, PFSA). 4% & 5 hlf ik
(perfluoropentane sulfonic acid, PFPeS/Cs PFSA).
PFHxS . 49 B# L1 R (perfluoroheptane sulfonic acid,
PFHpS/C; PFSA)HIHK i EEPFCAS(PFNA | 45 28 HL R
% (perfluorodecanoic acid, PEDA/C,, PFCA). &% 1
— % (perfluoroundecanoic acid, PFUnDA/C,;; PFCA), 4=
3+ — M (perfluorododecanoic acid, PFDoDA/C,,
PFCA). &% =M (perfluorotrdecanoic acid,
PFTriDA/C,3 PFCA) . 4% T VU2 (perfluorotetradecanoic
acid, PFTeDA/C,4s PFCA))%, W EH#10°~10°
pg/LP* 2 (HAFETER A, 20094F 22 J5 16 74 B T 167 165
Sl KT AT RS S 7 0K 0 21 7 U PFASs, i b
PFASs (4 # ¢ H:fith }iz i (perfluorooctane sulfon-
amidoethanol, FOSE), 4% T ZL{ifi i (perfluorobutane
sulfonamide, FBSA) . 49 T J&fi B i (perfluorobutane
sulfonamidoethanol, FBSE). %% & (fluorotelomer
alcohol, FTOH). IR A B ES (fluorotelomer
acrylate, FTAC)), #kJE/KF#E107'~10° pg/Lil [
202 4G SR kK ITHFPO-DAYK J 7K 7610~ 10"
ng/L K LR KSR 3 mT i 2 i T 20004 Lok 3M,
DuPont%§ AL Tk B Sk & Wi 45 1k A2 S K 55 PFASs
(PFOS, PFOAZE) A= =003 i XUy FPFASSTEA
G A IR B AT EAC 1, PFOS, PFOA K HAH &
JFOREAE B S AT VAR TH B A i FH#8 S A (https://www.
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federalregister.gov/documents/2013/10/22/2013-24651/
perfluoroalkyl-sulfonates-and-long-chain-perfluoroalkyl-
carboxylate-chemical-substances-final, http://www.ec. gc.
ca/toxiques-toxics/Default.asp? lang=En&n=96A225B1-

1#top), T BT K B[] DA DA FR 4 S I R [R] s
HRIPFASSTEAWIE ™, 153X 26 X I Y PFASs 15 ¢
5B S G K B 5 PRAS s AT U PEFAS s AR i T A7 1Y
AR P2 H FE K P P I I I R A L i
PFASsEAR S (438, (H PR H R UE i BEACPE o, R
RS, X 4657 RIPFASs I AE 23 BV i 1T 7% 22 K P i
SIRE ST A
1.1.2  #H A HAE

TERVGVE LA g 9 R 2K, PRASSIRIE 7
S —E AN (1) BRI A PFAASH
SRR ARk, JL K PE 7R )2 K I PFOA
HMIPFOSHE JE 7351 4 10'~10° pe/L(3 [ % # % (Rhode
Island) /T 7 /52 AT % 10°~10" ng/L)F12x10'~2x10* pg/L,
1M K P FEPFOA, PROSH 1 4910°~107 pg/L(4 4
] 15 A7 1] 3R 1x10%~2%10% pg/L)#2%%1: (2) PFOAF
PFOS 3 I Mk Ji HUAB Coroal Coros H b 1] T 128 ¥ 5/ ).
20074F LRI BYAF T & B, A6 K78 1 R PGV R 3R
S 7K W Cproal Copos il Bl 4351 5 4~39F11~1221. 2009
A 2 J5 BRI 9T % E AR B 96 35 43 A R A5 i B
FEJL KV EE Coroa/ Crros>1, ZRIB I Cproa/Crros=1,
B K VG VE Cproa/ Cpros<1 225 FiRWE R 22 5
N Cproal Crros ELIEZE 1k [ Bt T PFAS st da A= 7= i i
FIZE0: (1) PEER, dUSEAE R PUVET L X Tk & 35
PSR T 38 . PHARAY R PU VRN I L IX, 3ok 4 1l [X
S PRASsZe AR 0] K PH PR A, S v v
W TR RVEEER (2) H20024E 1 8, Jb3E | Bk
P H DX S8 AE Tl A% 45 17 HE SR AE 72 (electrochemical
fluorination, ECF) %% [a] i 28 (telomerization) & i i .
) s 30, e 9% 9N %) ) 0T i 340 3 14 i ECFAH 56 7=
(A = S, 1 T R b K VS T 3R J2 I K HHPFOA
5PFROSIHH 22 527 (3) RPGTERIZTER R A
i Y5 HE Y PR A S s 1 i 8 AR A, S50 R PG T T o
T 5, % PFASs 43 1 5 1t 1 J7 1 3 PFASs 43 11 ' %5 AH
X%, A0 R VU VEFR TR (Cproa/ Crros<1)5 3K FI Jb2F Bk i
JnJIR F) € 3% (Canary Current, Cproa/Cpros>1)TEZRiH [
T AR, AR A K VE Y IR 38 B T 3R 2 1 K Ceroa/
Cpros L 1%,
1.1.3 FEfmm Bl K REZ R

B R AL TR, PFASSIk R £ F I, =

Z, WHEN SR TREEE. RPGEirdtse. maE. i
DR 7Y A Y 9 S8 3R 2 T K R, B B PEASs( AN
PFOA, PFOS&5 )k B Lt RV 1 Hh R sy ) 1~21 4K
. Benskin% APV E B TE 9 [ 5 T 2 VR (R
Narragansett 330 kmD N iF1), PFOAFIPFOSE: 1
L BRI = R &= & S S S e o 0 A7
(the Amazon) A ¥ T (1] 0 7} 675~965 km g [F 4,
https://en.wikipedia.org/wiki/Amazon_River), FOSA#
AT b H A AL LSRR TR T 58 IR e v
PRI (Rio de la Plata) A ¥ 1 (] 11 165~181 km
VLN YE i, https://en.wikipedia.org/wiki/Rio_de_la_Plata),
HLHIPFASs(4PFBS, PFHxS, PFOSHIPFHXA, PFOA,
PFDA, PFUnDA, PFDoDA, PFTriDAFIPFTeDA%S)HY
W B X LU i 2k b A A VE S AL = 1R 2. Ahrens
PR P2 Zhao 55 A PE G 7 AR 30 g 1 2% 90
TAHBIR R, PRASSURBEREA 5 Tl 15 Y8 ™ H
(1% VG IR B 5 ) A S I T R A, i A Y]
T S2 K VG P S PR A Ss 1) 3 B f Y 20223038421 — st
H R PFASsH V) (WHFPO-DA, 49§ £, JE3F O bt ik
% (perfluoroethylcyclohexane sulfonate, PFECHS)., 4=
B L #R R (perfluoroalkyl ether carboxylic acids,
PFECAs) . 4% Mt ZLfifi i (perfluoroalkyl ether sulfonic
acids, PFESAs)%:)Z2 i BLTE A P ¥ J 100 b IX 9 A5
T 31 7K A AR e sl R I R K e, A S TR
r'JJj %ﬁ}%[28,29,33,34,43,44].

1.2 PFASSTER F-IHERIENE PR KRB iy 23

AR
1.2.1 753 KRR EAF

FRIRTE TV 3 U v B (AN 7R e ) 8 A ARy
AR, (A7 U A W R P R D, R
HITEN B 3 308 7 ¢ J2 1 K Hh PFASs 19 728 1k #a 1 5 K o
FEAH L, V5 YR SEAR L, (H 75 YLK Ry Ik — e,

g RL BT AR LY, 201 VAR A s TR
S 8 VR TR IR 3 2 T K PFAS SRR 2 48 22 (3 B4 4%
C4~C)o PFCAs, PFHpS, N-H 3 4> 553 JL A i (N-methyl
perfluorooctane sulfonamide, N-MeFOSA)%), Hif
PROSY JE (41.1~232 pg/L)¥4hii 1% i 4%, PFOA
JEAR R 7E2X10"~1x107 pg/L/KF-. L4k, Ptk
SV R IR BT bR S PFA A
FOSAZE LAYy — 865 RIPFASs#UY), WHFPO-
DA, 6:25 10 £ H kiR (Cl-6:2 PFESA/F-53B)f18:2
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S L WAL 2 (C1-8:2 PFESA) | A4 PESAs%:, ki
7E10°~10" ng/L B HLL R /282246047 St (i s 4k,
W E K AT A P AR R R. A21
204, —EdbsE | RO A5 M X AY JRLAL Tl B Sk 2y 2k
AR AR B A U M DX, S O Y M X
PFASs At R85 B ik 15 4185 hn'** ) (http://www.ihs.com/
products/chemical/planning/ceh/fluoropolymers.aspx ?pu=
1&rd=chemihs). fij - 7E 201 42 70~804E /L E E A
Cl-6:2 PFESA N H: [A]ZE AL 7™ i (AN PFOS 45 ) W iif & IF
B, T BT R 0 5% 55 40 i 5CR S At AR 1
Iz N T Tl AR 7, (B IR B RN Y B O AR 5 |k
RN AR bl A2 B 5 TT 4R BR il PFOS
fAE = R, 5 PROSZSF4AH LY C1-6:2 PFESAJ,
R AR, Fea RN, MR R R
O,

BV B B S D, AR B B Wk, 2005~
2006 4 BV BE ¥ L v R 2K T, 4% 48 1) PFOS Fil
PFOAM i /K -3 7E 10°~10% pg/LM1. 201 14 BB VE
U Bk % )2 U UK H PRFASs B 28 88 Jin, £l 45 FOSA,
N-MeFOSA. Tif&4:PFOA, PFOSTE % i $ 3 J2 1 /K
HR ) B A L X A T R A (9 ) R 2% 10"~ 1x10°
F10'~10° pg/L)*™.

1.2.2 A HAE

KR BRE 7, PFOA, PROSTE K FIERE
e S O o7 PR = N [ G | =0 = K (AN 0 B W A
#2011 14EPFOA, PFOSHE B /K S A TG K- 1 31 25
KAFEFE, 20 9 16~94, 52~232 pg/LF B & 13~42,
41.1~216 pg/L, IR R REVE, 25 13~
94, 41.1~232 pg/L FFE17~35.1, 95.6~174 pg/L*,
X ETE T AR B SR IX (A H A |
B LA EDWE R ol A= = Hemc 2 8 midk 38 X vy
Vg o B 7 Ml 85 4 A 1) Al A, P R T Vi b DX AT K
BYHEE A AP, DT b 5 PG 38 0] K- v
B DTER M PFASsHEI D w2 BRI N 2805 3 (1
8 Tk 1% 30 55 ) (145 /e K71 3R 2 157K T U PFASs 15
B2 IR vIvy 1 N

PRI OB B S NI R Sy N £ (8
Crroa/Cpros>1""21, 3T 4F 36 A - P 8 P K3 40 15 3
KA FHEEILLR ™). Chus AP % 3K F- 7
H R b iR B (Midway  Island) Y 55 280K P & 90 48 vy vk
JE Y K B¢ 5% PEASs( 21 PEUnDA 7 T i v 7] LA 35 )
18.7 ng/g ww(iZH)), JFKHIH K FiX HEPFAAST (5

914

By 2% 25 F e 1 K SF ¥ 57 3% 4 (the Great Pacific
Garbage Patch, GPGP)7 2 oY 38 K} 1 % 9 1 S 1R 2,
M GPGPZ 2|2k H 7k WV 2 ¥ 22 i (Kuroshio Extension)
L g5 oA 2 Y R R T AR I b X SR Ak Tl 25 4
Al RE & A E, B L PROA K HEAd 1, )37 74 8F
IRBE N FEBR LML X T2 a7 )5, PFOSZE Uk} e 7™
i P 26 7 X IR S b DX 2 B 1) ] 45 X T K

Bl R, FWENE IR A PFASsTG Y il i 5
i N R G, 12005 4F B B 2= R (Sri
Lanka) PG %8 A ] i P PFOS, PFOAT] 152x10'~1x10?
ng/LIKF-PH. 2005~20064F 15 E 7 25 30 ALK S 7 7
ERCAEEE R PEER . BYBEJE VE W B2 4T 1% 4 (Gorontalo)
AbER . B PLELPE 4 (South Sulawesi)PE g #E . B AH)
MV PGB A VE 6 ) 2 17K & ILPFOS 7 ZPFASs 7
i H A K 25 51 (38.6%0~84.6%), 3¢ B 33k S i ok B T
A R A7 7E A [7] 25 78 (1 PEASs 15 QL 5 BV, 17 3R 45 Fg
P [ B3 0567 PENA S HE 3R (21.4%~41.5%),
K PG 3R IR A PENAKS ), KU 5 W [ %A%
TEPENARE RIS Ye PO, BG4, 5K
T 28 AU B PFASs Ik i 357 I 25 ek /b L 2 I T4 ) BR
(PFOS: <5~8.6 pg/L, PFOA: 6.4~11 pg/L), FHAEIE
TEAR T 05 B KPR RS AL RN AE7EPRASsTS 4L i, H
TR AT PRASs B B A SR Y. 201 1AEAE RS EN 1SR
J2 7K 0 PE A 2R (DA R AR BOR F ), PFOSHE
FE B i T 50 (83.8~511 pg/L), TEKFEINANLR IRk 5]
W AE, 3 M e 55 KR W A 5 e HE A 561 25 B
ik, T 4F Sk B REE T W B A PEASs 75 4 5 9 N &
123 HEFH

KA PG AU 50 5 4R A 22 1 38 A7 7 ™ B PFASs
Ty, Hodr DLH AR E TR S ARk, fE
PFOA Y JiE {4 45 3 A B2 2 (1) [A] isF, PROS ¥k JiE B i Ui
/>, T4 4 PECASFIPFS Ak iF 2 | T dt. 20024F
EH AR . KRR R 2K T & B & e
(10°~10° ng/L) /) PFOS, PFOA, PFHxS, #|20104F
PFOS % 55 PFHxS, PFBSJL-T-¥K T4 MR, PFOA
e FE R FE R, B PFHXA ¥ B /K °F 7] 35 2x10%~
1x10° ng/LP>7 fe i E I ERIT I, BT R Z K
s BT R A, M 2003~20164F PFOA K i
IO — B 55 76 10°~10 ng/L, PFOS¥ JF Hy 1x10'~
2x10" FFEE10°~10" ng/LK LI F K, 44EPFAAsH
JE BT R B T3 210" ~1x10% ng/L/KF, PFHxXS
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e B — AR R 7E2x10" pg/L~2x10" ng/LsK 1465658391
EARERAE, 201 VAE7E  [E 25 0 MRS 1 35°52.80"~
06°59.40'N YL il P, PFOS ¥ Ji ¥ 11§ F 4 I BR (<0.07
ng/L), Wi PENATE H A A U] 5 A A0 4G H vk B 4
(R ] 35 2% 10"~ 1x10°7 ng/L), [H 216 T 5 1 S )
A A T BT A SR Y, PROS % 14 4i PFASs
Bz BRI R PR SR, AR M X fE Tl A
SERI T REIEAE & AR A, RN 5% PFASs AT fE il AR
i TE 33 B X2 .

Wit %5 5 06 5 10 B BN, PRASsYR 2 38 7 FEAIG.
1E 9 E R 2] [ 47 (the Bering Sea)i5 30145 & /Y
M, B REEE B <135 kmi, PEOA, PFOSH J& 435 N
777~1022, 84~105 pg/L, & 7 H#>135 km Ay i
PFASsi Ji 2 /b PFOA, PROSHR J 43 il /b
85%, 56%), B EMHE>155 kmit, PFOA, PFOSk i
7K - 4k 5 B AR O 43 31 5 76 70~80, 10~20 pg/LI%%.
e P E I, B A PE B <65 kmifF i, PFOA MW & 1E
2x10" pg/L~1x10" ng/L 7K ¥, H:flh PFASs % J& &
2x10'~1x10° pg/L/KF, BIRFEE>65 kmifgil, (Uf
I FE PFOA(<0.07~0.13 ng/L){7-7E, FICHALPFASs
K 10 B R R R RN, 2K PFASsYR 5
b S e - S 0% @ i =y VA o G

1.3 PFASSTERI B HBIX K BRBE P G sF 25 5 Al

F¥AIE

200 14FGiesy 4] OV e £ ja AL sl 4 41 41
oA =l o) S ON T N L Sy 5 a1 1
(Alaska)Jb #% A€ T JIE o PEOS - #4 ¢ 1 1] 35350 ng/g
ww, A B I B 3 R R FUTS (Terra Nova Bay) i fiE
JRMFSI(Weddell seal) FIEPFOSH £ <35 ng/g ww.
R T AL UK PRI A PRAS ST 98 £ 6 1 HIZE S . K
AR TR I A AR AR, 20074F 2 5 (Y 4] E
TF 4R 56 1 JL vk BT 7K FP PRA A Y 20 A 5 AIE, 31X — I}
0104 i 38 2 BLAL VKR T 12 2 0 K (1 PRA AsTS B
DB S PFAAs A £, 4K 2 PFAAsIR I #5224
FiE2x10"~1x10% pg/L K LA R K, KPR s i 4
Jo Bt 1 B PRC A s i V4 J3E 725 FPFSAsP0, 7 B st
T 5V 3B (U A 15 22 1 (Greenland) FfE VT 1 18555, J0 55
PFCAs fITFOSA ¥ J& 1] ik 2x10°~1x10° pg/L 7K 11,
1E20074E Z Hf, B KIEIEE (the Southern Ocean, H[I
50°S ARG Y EP EEVE | R PG FN55°~62°S Z [H] By PV
2 Ji% 4 9 18) 26 )2 1 7K PRASs R 24 45 7 ({4 PFOA,

PFOS, PFDoDAG ), H.# & 3 ik i ik (1x10'~ 2x10"
pe/L K LA F 7K F)P E #2011 4F, R K #1380 Y
PFASsT5 Y Fh IR B 3 Z R F A A B i AR e 22,

FEWIMR X, & T B PFASs(41C1-6:2 PFESA,
PFECHS, FTSs%) 421l 2 UL T 9y 1A P9 Fndb i b
KRR, FHEREAF . L3Ik N, Cl6:2
PFESA, PFECHSH /K1 i510°~10" ng/g(f )7k
SO0 AL AR M X KT, FTACs, N-FIEE2GT
L % % (N-methyl perfluorobutane sulfonamide, N-
MeFBSA) . N-H Jk 42 95 T 3 fif Jiig B (N-methyl per-
fluorobutane sulfonamidoethanol, N-MeFBSE) ) i &
Al 3k Ix107'~1x10° pg/L'*®; fE & v | FTACs, N-
MeFBSA, N-MeFBSEH J¥ 7K 1] i%10°~10* pg/L'*®.
{7 T I 7K S5 BRI A0 J5 v i A A R T

FEACORTETRFIR, 28K T L G PFAS sk i 14 5
P VG AR R A0 R B PR DL o R Ok
PFOAM FUPFOSYE JE H &1, H. Cproa/Crros HUIH 5 22
AEAE 025 AH DG M (i = R AL BB AL UK v SO == R 3y
5 1 1% (Lancaster Sound) [A] P4 #| b & K db e #F 5
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Figure 1 (Color online) The main long range transport of PFASs
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The distribution of per- and poly-fluoroalkyl substances in the
global marine water

Qian Xiang, Guogiang Shan, Wei Wu & Lingyan Zhu'

Tianjin Key Laboratory of Environmental Remediation and Pollution Control, Key Laboratory of Pollution Processes and Environmental Criteria of
Ministry of Education, College of Environmental Science and Engineering, Nankai University, Tianjin 300350, China
* Corresponding author, E-mail: zhuly @nankai.edu.cn

Per- and poly-fluoroalkyl substances (PFASs) are a family of artificial organic compounds with at least one hydrogen
atom along the carbon backbone substituted with fluorine. They are widely used as surfactants and additives in industries
including electroplating, firefighting, coating, textile and so forth because they are chemically and thermally inert and
both hydrophobic and oleophobic. PFASs are ubiquitous in various environmental matrix and have caused great concerns
on their global transport and adverse impacts on environment. Hence, perfluorooctane sulfonate acid (PFOS) and related
substances were listed under Annex B of the Stockholm Convention in 2009. In the recent two decades, an increasingly
variety of PFASs are found in the environment (e.g., shorter-chain PFAAs, fluorotelomers, perfluoropolyethers, per-
fluoroalkyl phosphonic acids, perfluoroalkyl phosphinic acids, polyfluoroalkyl phosphate esters, chlorine or hydro sub-
stituted polyfluoroalkyl substances, etc.). They occur not only in inland areas but also in oceans and seas, even in remote
areas such as polar areas. This prompts the necessity to figure out the fate of PFASs all over the world. Regarded as one
of the crucial sinks of pollutants, oceans and seas play a pivotal role in PFASs transport in the environment. Researches
on the marine pollution of PFASs are increasing in the recently years. In this paper, we summarized the recent researches
on the spacial and temporal trends of legacy and emerging PFASs in the Atlantic Ocean, the Pacific Ocean, the Indian
Ocean, the Arctic Ocean and the Southern Ocean from 2002 to 2016, respectively. We also summarized the researches on
the occurrence of PFASs in water at different depths in the middle of the Atlantic Ocean, in the south and northwest of
the Pacific Ocean, in the Southern Ocean and in the Arctic Ocean, respectively. The results indicate that a variety of
emerging PFASs as substitutes of legacy PFASs are being detected in the oceans, and they are transported from offshore
areas to remote areas via currents. The concentrations of PFASs in the seawater decrease gradually with the distance
from the coast increasing. The PFASs in the surface seawater of the Arctic Ocean are mainly derived from the North At-
lantic Ocean via currents and the degradation of PFASs precursors via atmospheric transport. The occurrence of PFASs
in the deep seawater implies that the global thermocline and/or halocline circulation influences the three dimensional
transport of PFASs in the oceans and seas. The PFASs transport globally via the following pathways: (1) long-range at-
mospheric transport (LRAT) plus degradation and precipitation for neutral PFASs precursors; (2) currents and thermo-
cline and/or halocline circulation for ionic PFASs; (3) marine aerosols for perfluorooctanoate; (4) food chain and migra-
tory biota acting as biovectors. In future, more attention should be paid on PFASs in the Indian Ocean and the Southern
Ocean, where these is a large data gap on the occurrence of PFASs, which hampers understanding of global transport of
PFASs via seas and oceans. Further researches are warranted on the emerging PFAS pollutants in seawater in seas and
oceans giving that they are increasingly produced and applied globally.

per- and poly-fluoroalkyl substances, oceans, surface seawater, deep sea water, oceanic currents
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